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EXPERIMENT  STATION  STAFF 


Edmund  Janes  James,  Ph.D., LL.D.,  President  of  University 


Eugene  Davenport,  M.Agr.,  LL.D.,  Director 
Cyril  George  Hopkins,  Ph.D.,  Vice-Director 

Thomas  Jonathan  Burrill,  Ph.D., LL.D.,  Professor  of  Botany,  Emeritus 
Stephen  Alfred  Forbes,  Ph.D.,  Consulting  Entomologist 
Donald  McIntosh,  V.S.,  Consulting  Veterinarian 
Henry  Lewis  Rietz,  Ph.D.,  Statistician 

Burt  Eardley  Powell,  Ph.D.,  Editor  Agricultural  Press  Bulletins 

Anna  Cushman  Glover,  Secretary 

Florence  E.  Smith,  B.S.,  Chief  Editorial  Assistant 

Roy  Hansen,  B.S.,  Assistant,  Nitrogen- fixation  Besearcli 

In  Agronomy 

Cyril  George  Hopkins,  Ph.D.,  Chief,  Agronomy  and  Chemistry 
Jeremiah  George  Mosier,  B.S.,  Chief,  Soil  Physics 
Louie  Henrie  Smith,  Ph.D.,  Chief,  Plant  Breeding 
Mames  Harvey  Pettit,  Ph.D.,  Chief,  Soil  Fertility 
Ora  Stanley  Fisher,  B.S.,  Assistant  Chief,  Soil  Fertility 
2William  George  Eckiiardt,  B.S.,  Associate,  Soil  Fertility 
Axel  Ferdinand  Gustafson,  M.S.,  Associate,  Soil  Physics 
Ernest  Van  Alstine,  B.  S.,  Associate,  Chemistry 
Clarence  C.  Logan,  B.S.,  Associate,  Soils  Extension 
Joseph  Paul  Aumer,  B.S.,  Associate  Chemistry 
Sidney  Viel  Holt,  B.S.,  Associate,  Soil  Physics 
Harold  Wilson  Stewart,  B.S.,  Associate,  Soil  Physics 
Henry  Clyde  Wheeler,  B.S.,  Associate,  Soil  Physics 
Ezekiel  Edward  Hoskins,  B.S.,  Associate,  Soil  Fertility 
John  Ezra  Whitchurch,  B.S.,  Associate,  Soil  Fertility 
William  Leonidas  Burlison,  M.S.,  Associate,  Crop  Production 
Ward  Hanson  Sachs,  B.S.,  Associate,  Chemistry 
Frederick  Charles  Bauer,  B.S.,  Associate,  Soil  Fertility 
Walter  Byron  Gernert,  Ph.D.,  Associate,  Plant  Breeding 
Albert  Lemuel  Whiting,  Ph.D.,  Associate,  Soil  Biology 
Wilbur  Roy  Leighty,  B.S.,  First  Assistant,  Chemistry 
Forrest  Addison  Fisher,  B.S.,  First  Assistant,  Soil  Physics 
Frank  William  Garrett,  B.S.,  First  Assistant,  Soil  Fertility 
Frederick  Martin  William  Wascher,  B.S.,  First  Assistant,  Soil  Physics 
Gertrude  Niederman,  M.S.,  Assistant,  Chemistry 
Orr  Milton  Allyn,  B.S.,  Assistant,  Crop  Production 
Leo  Ross  Binding,  B.S.,  Assistant,  Chemistry 
Robert  William  Dickenson,  B.S.,  Assistant,  Soil  Physics 
Arthur  Maxwell  Brunson,  B.S.,  Assistant,  Plant  Breeding 
Clinton  B.  Clevenger,  M.S.,  Assistant,  Chemistry 
Orland  I.  Ellis,  B.S.,  Assistant,  Soil  Physics 
Harrison  F.  T.  Fahrnkopf,  B.S.,  Assistant,  Soil  Fertility 
George  Edward  Gentle,  B.S.,  Assistant,  Soil  Physics 
Harry  Charles  Gilkerson,  B.S.,  Assistant,  Soil  Fertility 
Warren  Rippey  Schoonover,  B.S.,  Assistant,  Soil  Biology 
Howard  John  Snider,  B.S.,  Assistant,  Soil  Fertility 
Edward  Harvey  Walworth,  B.S.,  Assistant,  Crop  Production 
Henry  August  deWerf,  B.S.,  Assistant,  Soil  Physics 
Edward  Fritchoff  Torgerson,  B.S.,  Assistant,  Soil  Physics 


1Deceased,  December  30,  1914. 
20n  leave. 
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In  Animal  Husbandry 

Herbert  Windsor  Mumford,  B.S.,  Chief,  Animal  Husbandry 
Harry  Sands  Grindley,  Sc.D.,  Chief,  Animal  Nutrition 
Walter  Castella  Coffey,  M.S.,  Chief,  Sheep  Husbandry 
James  Lloyd  Edmonds,  B.S.,  Assistant  Chief,  Horse  Husbandry 
Henry  Perly  Rusk,  M.S.A.,  Assistant  Chief,  Cattle  Husbandry 
John  A Detlefsen,  Se.D.,  Assistant  Chief,  Genetics 
Arthur  Donaldson  Emmett,  A.M.,  Assistant  Chief,  Animal  Nutrition 
Walter  Frederick  Handschin,  B.  S.,  Associate,  Animal  Husbandry 
Walter  Edward  Joseph,  Ph.D.,  Associate,  Animal  Husbandry 
Sleeter  Bull,  M.S.,  Associate,  Animal  Nutrition 

Harold  Hanson  Mitchell,  A.B.,  M.S.,  Associate  Chemistry,  Animal  Hus- 
bandry 

William  Herschel  Smith,  M.S.,  First  Assistant,  Animal  Husbandry 

Wilbur  Jerome  Carmichael,  B.S.,  First  Assistant,  Animal  Husbandry 

Elmer  Roberts,  B.S.,  First  Assistant,  Genetics 

James  Burton  Andrews,  B.S.,  First  Assistant,  Animal  Husbandry 

Charles  Ivan  Newlin,  M.S.,  Assistant,  Animal  Husbandry 

Mary  Helen  Keith,  B.S.,  M.A.,  Assistant,  Animal  Nutrition 

John  Jonathan  Yoke,  B.S.,  Assistant,  Animal  Husbandry 

Claude  Harper,  B.S.,  Assistant,  Animal  Husbandry 

James  Wilbur  Whisenand,  B.S.,  Assistant,  Animal  Husbandry 

Roy  H.  Wilcox,  Assistant,  Animal  Husbandry 

Anton  Prasil,  B.S.,  Assistant,  Animal  Chemistry 


In  Dairy  Husbandry 

Harry  Alexis  Harding,  Ph.D.,  Chief,  Dairy  Bacteriology 
Wilber  John  Fraser,  M.S.,  Chief,  Dairy  Farming 
Nelson  William  Hepburn,  M.S.,  Assistant  Chief,  Dairy  Manufactures 
Martin  John  Prucha,  Ph.D.,  Assistant  Chief,  Dairy  Bacteriology 
Royden  Earl  Brand,  M.S.,  Associate,  Dairy  Husbandry 
LeRoy  Lang,  M.S.,  Associate,  Dairy  Manufactures 
William  Truman  Crandall,  M.S.,  Associate,  Milk  Production 
Jesse  Melangthon  Barnhart,  M.S.,  First  Assistant,  Chemistry 
Harrison  August  Ruehe,  B.S.,  First  Assistant,  Dairy  Manufactures 
Ray  Stillman  Hulce,  M.S.,  First  Assistant,  Milk  Production 
Frank  Ashmore  Pearson,  B.S.,  First  Assistant,  Dairy  Husbandry 
Oliver  Arnold  Keller,  B.S.,  Assistant,  Dairy  Manufactures 
William  Wodin  Yapp,  M.S.,  Assistant,  Dairy  Husbandry 
Harry  M.  Weeter,  A.B.,  Assistant,  Dairy  Husbandry 
William  Barbour  Nevens,  B.S.,  Assistant,  Dairy  Husbandry 
Frank  Turner,  B.S.,  Assistant,  Dairy  Husbandry 

In  Horticulture 

Joseph  Cullen  Blair,  M.S.A.,  Chief,  Horticulture 
Charles  Spencer  Crandall,  M.S.,  Chief,  Plant  Breeding 
John  William  Lloyd,  M.S.A.,  Chief,  Olericulture 
Herman  Bernard  Dorner,  M.S.,  Assistant  Chief,  Floriculture 
Bethel  Stewart  Pickett,  M.S.,  Assistant  Chief,  Pomology 
Oscar  S.  Watkins,  B.S.,  Associate,  Horticultural  Chemistry 
Ernest  Winfield  Bailey,  M.S.,  Associate,  Plant  Breeding 
John  Joseph  Gardner,  B.S.A.,  M.S.,  Associate,  Pomology 
Charles  Elmer  Durst,  M.S.,  Associate,  Olericulture 
Warren  Albert  Ruth,  A.M.,  Associate,  Horticultural  Chemistry 
Simeon  James  Bole,  M.A.,  Associate,  Pomology 
Ira  Dent  Allison,  B.S.,  Associate,  Horticulture 
Thomas  Bregger,  B.S.,  First  Assistant,  Plant  Breeding 
Alfred  Joseph  Gunderson,  B.S.,  First  Assistant,  Pomology 


1On  leave. 
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Fred  Weaver  Muncie,  A.B.,  M.S.,  First  Assistant , Floricultural  Chemistry 

James  Hutchinson,  Assistant , Floriculture 

George  Leo  Peltier,  M.A.,  Assistant,  Floricultural  Pathology 

Charles  Christian  Rees,  A.B.,  Assistant,  Horticultural  Pathology 

Howard  Dexter  Brown,  B.S.,  Assistant,  Olericulture 

Duane  Taylor  Englis,  M.A.,  Assistant,  Floricultural  Chemistry 

August  George  Hecht,  B.S.,  Assistant,  Floriculture 

Lee  Ellis  Miles,  B.A.,  Assistant,  Floriculture 


ADVISORY  COMMITTEES 

Dairy  Section. — Charles  Foss,  Cedarville;  Joseph  Newman,  Elgin;  R.  B.  Swift, 
Libertyville ; F.  G.  Austin,  Effingham;  J.  P.  Mason,  Elgin. 

Farm  Crops  Section. — Charles  Rowe,  Jacksonville;  A.  A.  Hill,  Decatur;  A.  C. 
Rice,  Jacksonville;  H.  J.  Sconce,  Sidell;  G.  C.  Outten,  Mt.  Zion. 

Soils  Section. — Ralph  Allen,  Delavan;  J.  P.  Mason,  Elgin;  C.  V.  Gregory, 
Chicago;  F.  I.  Mann,  Gilman;  A.  N.  Abbott,  Morrison. 

Live-Stock  Section. — F.  E.  Drury,  Jacksonville;  Joseph  Fulkerson,  Jerseyville; 
M.  P.  Lantz,  Carlock;  C.  J.  McMasters,  Altona. 

Floriculture  Section. — H.  E.  Smith,  Danville;  J.  C.  Vaughan,  Chicago;  W.  N. 
Rudd,  Morgan  Park;  F.  L.  Washburn,  Bloomington;  J.  F.  Ammann,  Edwardsville. 

Horticulture  Section. — J.  Mack  Tanner,  Flora;  H.  A.  Aldrich,  Neoga;  H.  M. 
Dunlap,  Savoy;  August  Geweke,  Des  Plaines;  W.  S.  Perrine,  Centralia. 
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INCOME 

The  income  of  the  Agricultural  Experiment  Station  for  the  fiscal 
year  ending  June  30,  1915,  was  as  follows : 

FROM  FEDERAL  APPROPRIATIONS 


Hatch  Fund  $15,000 

Adams  Fund 15,000 


$ 30,000 


FROM  STATE  APPROPRIATIONS 

Live  stock  investigations $31,000 

Crop  experiments  18,500 

Soil  experiments  and  survey 96,000 

Horticultural  investigations  21,000 

Dairy  investigations 21,000 

Floricultural  investigations  8,000 

$195,500 

Total  $225,500 


BUILDINGS 

Besides  the  above,  the  sum  of  $95,750  for  the  biennium  1913-15  was 
provided  the  College  of  Agriculture  by  state  appropriation,  for  the  erec- 
tion of  new  buildings  and  the  completion  and  enlargement  of  others;  all 
of  which  will  be  available  to  a greater  or  less  extent  to  further  the  work 
of  the  Station. 
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FINANCIAL  STATEMENT 


Agricultural  Experiment  Station,  University  of  Illinois,  in  Account  with 
the  UNITED  STATES  APPROPRIATIONS 


1914-1915 


Dr. 

Receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriations  for,  fiscal  year  ending  June 
30,  1915,  under  acts  of  Congress  approved  March 
2,  1887,  (Hatch  Fund)  and  March  16,  1906, 
(Adams  Fund)  


Cr. 

By  Salaries  

Labor  

Publications  

Postage  and  stationery 

Freight  and  express 

Heat,  light,  water,  and  power 

Chemicals  and  laboratory  supplies. 
Seeds,  plants,  and  sundry  supplies 

Fertilizers  

Feeding  stuffs  

Library  

Tools,  machinery,  and  appliances.  . 

Furniture  and  fixtures 

Scientific  apparatus  and  specimens. 

Live  stock  

Traveling  expenses  

Contingent  expenses  

Buildings  and  land 

Balance  


Hatch  Fund 

Adams  Fund 

$15,000 

00 

$15,000 

00 

$12,153 

19 

$12,387 

12 

953 

13 

1,341 

95 

550 

47 

109 

70 

26 

52 

55 

52 

12 

88 

. . . 

16 

76 

415 

50 

154 

04 

113 

47 

21 

98 

749 

54 

3 

50 

4 

50 

120 

00 

76 

65 

3 

00 

292 

07 

4 

12 

65 

04 

238 

91 

97 

05 

20 

00 

13 

39 

$15,000 

00 

$15,000 

00 

Total 
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Agricultural  Experiment  Station,  University  of  Illinois,  in  Account  with 
Receipts  from  OTHER  SOURCES  than  the  United  States 
Appropriations  1914-1915 


Dr. 

To  Balance  on  hand 

State  appropriations  

Sale  of  farm  products 

Total  


Cr. 

By  Salaries  

Labor  

Publications  •. 

Postage  and  stationery 

Freight  and  express  

Heat,  light,  water,  and  power 

Chemicals  and  laboratory  supplies 

Seeds,  plants,  fertilizers,  and  sundry  supplies 

Feeding  stuffs  

Library  

Tools,  machinery,  and  appliances 

Furniture  and  fixtures 

Scientific  apparatus  and  specimens 

Live  stock  

Traveling  expenses  

Contingent  expenses  . . . 

Buildings  and  land  

Balance  

Total  


$ 34,351 

761 

195,500 

00 

47,477 

18 

$277,328 

94 

$ 76,616 

18 

69,101 

65 

23,759 

23 

1,951 

63 

2,334 

58 

5,907 

17 

10,665 

95 

10,215 

06 

30 

03 

7,080 

94 

3,040 

02 

4,760 

18 

5,170 

69 

21,462 

17 

17,093 

88 

18,139 

58 

$277,328 

94 

1Balance  June  30,  1914,  as  shown  by  Twenty-seventh  Annual  Report $54,351*76 

Reverted  to  general  University  funds 20,000.00 

Balance  on  hand  July  1,  1914 $34,351*76 
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PRINCIPAL  LINES  OF  WORK 

Following  is  a brief  statement  of  the  principal  lines  of  work  car- 
ried on  by  the  Station  during  the  year.  Many  of  these  remain  prac- 
tically unchanged  from  year  to  year,  while  others,  such  as  feeding 
experiments,  vary  greatly  from  time  to  time  as  to  details.  The  results 
of  investigations  are  reported  in  the  bulletins  and  soil  reports  issued 
from  time  to  time,  while  reports  of  progress  are  sometimes  embodied 
in  the  circulars.  A list  of  the  publications  issued  by  the  Station  dur- 
ing the  year  appears  on  page  27  of  this  report. 

Agronomy 

The  principal  activities  of  the  Agronomy  Department  have  been 
in  connection  with  the  extension  of  the  soil  survey,  the  analytical  work 
with  soils,  and  the  operation  of  forty  soil  and  crop  experiment  fields 
located  in  various  parts  of  the  state. 

The  soil  survey  of  McHenry,  Livingston,  Champaign,  White,  and 
Peoria  counties  was  begun  in  the  late  summer  of  1914  and  completed 
in  the  spring  of  1915.  During  the  fiscal  year  reports  were  issued  for 
Bond,  Lake,  McLean,  and  Pike  counties.  A special  and  rather  ex- 
tensive experiment  to  determine  the  possible  value  of  radium  or  radio- 
activity as  a fertilizer  or  crop  stimulant  was  carried  on  during  the 
seasons  of  1913  and  1914;  and  the  results,  published  in  Bulletin  177, 
show  no  benefit  from  radium  applied  at  the  rates  of  .01.  .1,  or  1 milli- 
gram per  acre,  at  a cost  of  $1  to  $100  per  acre.  Investigations  con- 
cerning the  possible  utilization  by  plants  of  potassium  contained  in 
the  so-called  “ insoluble  residue  ” from  the  ordinary  official  method  of 
soil  analysis,  have  been  conducted ; and  the  results,  published  in  Bulle- 
tin 182,  show  that  by  means  of  green  manuring  sufficient  potassium 
was  made  available  by  the  third  season  to  meet  the  needs  of  as  large 
crops  as  were  produced  on  the  normal  soil.  Soil  fertility  investigations 
are  being  inaugurated  with  the  use  of  a series  of  concrete  bins,  each  1 
square  rod  in  area  and  % rod  in  depth,  with  provision  for  studying 
the  drainage  water  and  fertility  changes  in  the  soil  under  the  nearest 
approach  to  field  conditions. 

Among  the  crop  production  experiments  there  is  being  contin- 
ued the  testing  of  varieties  of  our  more  important  field  crops — corn, 
oats,  wheat,  potatoes,  and  soybeans.  By  having  three  experiment 
fields  devoted  to  crop-production  investigations  located  in  different 
sections  of  the  state,  some  interesting  and  important  facts  with  refer- 
ence to  variety  adaptation  are  being  brought  out.  Among  the  experi- 
ments that  have  to  do  with  cultural  methods,  the  investigation  per- 
taining to  planting  corn  with  reference  to  distribution  of  seed  is  be- 
ing continued,  as  are  also  those  pertaining  to  the  frequency  and  kinds 
of  cultivation  for  corn.  In  view  of  the  wide-spread  interest  which 
has  arisen  in  connection  with  sweet  clover  as  a crop,  there  have  been 
started  this  year  some  experiments  with  the  purpose  of  showing  a 
comparison  of  varieties  and  methods  of  handling  this  crop  in  rotation. 
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In  plant  breeding  the  investigations  with  regard  to  the  effect 
upon  corn  of  continuous  selection  for  certain  special  characteristics 
are  still  being  continued.  These  experiments  include : 

(a)  Selection  to  influence  the  composition  of  the  grain  with  ref- 
erence to  protein  and  oil  content. 

(b)  Selection  to  influence  certain  physical  characters  of  the 
plant,  including  height  of  ear,  angle  of  ear,  and  number  of  ears  per 
stalk. 

(c)  Selection  to  influence  yield. 

In  cereals  the  work  embraces  the  isolation  of  more  productive 
strains  of  improved  quality  in  wheat  and  oats.  Among  the  forage 
crops,  corresponding  work  is  under  way  with  red  clover,  soybeans, 
and  alfalfa.  The  fundamental  heredity  studies  with  reference  to  unit 
characters  in  corn,  by  Mendelian  analysis,  are  being  continued,  and 
similar  analytical  studies  are  now  being  extended  to  other  of  the  most 
important  field-crop  plants,  such  as  wheat,  oats,  clover,  alfalfa,  sweet 
clover,  millet,  sorghum,  and  broom  corn.  With  corn,  the  yield  of  first- 
generation  hybrids,  as  compared  with  their  pure-bred  parents,  is  be- 
ing investigated.  The  direct  physiological  effect  of  detasseling  in 
corn  is  also  being  studied.  In  view  of  the  growing  interest  in  soy- 
beans in  Illinois,  a special  investigation  of  this  plant  was  taken  up 
last  year  with  particular  reference  to  the  variability  in  its  composi- 
tion and  with  the  idea,  thru  selection,  of  adapting  it  to  certain  possi- 
ble industrial  uses. 


Animal  Husbandry 

The  Animal  Husbandry  Department  has  carried  on  feeding  ex- 
periments with  beef  cattle,  horses,  sheep,  and  swine  to  determine  the 
efficiency  of  various  rations,  methods  of  feeding,  cost  of  production, 
and  value  of  forage  crops ; also  inbreeding  work  involving  about  sev- 
enty-five head  of  hogs. 

In  the  nutrition  division,  investigations  to  determine  the  nutritive 
value  of  the  proteins  of  feeding  stuffs  have  been  conducted  along  three 
somewhat  definite  but  closely  correlated  lines  of  investigation:  first, 
the  quantitative  determination  of  the  amino  acid  values  of  feeding 
stuffs ; second,  the  substitution  of  protein  by  definite  mixtures  of  the 
amino  acids  occurring  in  feeding  stuffs;  and  third,  the  determination 
of  the  nutritive  value  and  relative  efficiency  of  proteins  of  feeding 
stuffs. 

In  the  genetics  division,  investigations  have  been  under  way  to 
determine  the  degree  in  which  different  factors  are  inherited  independ- 
ently of  each  other  in  races  or  strains  where  these  factors  have  always 
been  inherited  together.  The  work  has  shown  that  the  three  characters 
under  observation  for  the  longest  time  are  not  coupled  in  the  slightest 
but  are  statistically  independent.  Studies  are  also  being  made  to  ascer- 
tain, if  possible,  the  relation  between  the  number  of  fetuses  and  cor- 
pora lutea  to  determine  the  cause  for  the  extermination  of  certain 
zygotic  classes. 

Studies  in  cost  accounting  and  management  on  representative  live- 
stock farms  in  the  state  have  been  continued. 
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Dairy 

The  principal  lines  of  work  in  the  Dairy  Department  are  all  con- 
tinuations of  the  studies  of  former  years.  The  studies  in  city  milk  sup- 
plies have  duplicated  the  observations  previously  made,  to  the  effect 
that  dairy  utensils  are  the  main  source  of  bacterial  contamination  of 
milk.  The  effect  of  the  method  of  cleaning  utensils  upon  germ  content 
has  been  studied  in  order  to  determine  the  means  by  which  milk  of 
high  sanitary  quality  may  be  produced  at  least  expense.  The  experi-- 
ment  to  determine  the  effect  of  the  amount  and  character  of  the  ration 
upon  the  development  of  dairy  heifers,  and  the  influence  which  such 
development  has  on  their  later  milk  production,  has  been  continued,  as 
has  also  the  study  of  the  factors  entering  into  the  cost  of  dairy  produc- 
tion, as  shown  by  the  dairy  survey  and  cost  accounting  records. 

Horticulture 

Experimental  work  has  been  carried  on  by  the  Department  of 
Horticulture  along  four  lines : pomology,  olericulture,  floriculture,  and 
plant  breeding. 

The  experimental  projects  in  pomology  were  carried  on  for  the 
most  part  in  the  counties  of  Cumberland,  Clay,  and  Richland,  in 
southern  Illinois,  and  in  Pike  county  in  western  Illinois.  They  con- 
sisted of  fertilizer  and  soil  treatment  experiments  for  apple  orchards 
at  Neoga  and  Flora,  cover  crops  for  orchards  at  Griggsville  and  Flora, 
and  spraying  experiments  at  Griggsville,  Neoga,  and  Flora. 

The  experimental  work  in  olericulture  has  been  conducted  for  the 
most  part  in  Union  county  and  at  Urbana.  In  Union  county  atten- 
tion was  given  to  tomato  fusarium  investigations,  and  sweet  potato 
selection  and  fertilizer  experiments.  Upon  the  University  grounds  at 
Urbana,  studies  were  taken  up  with  regard  to  methods  of  culture  of 
egg  plant,  and  the  culture  and  breeding  of  head  lettuce. 

The  experimental  work  in  floriculture  was  carried  on  in  our 
greenhouses  in  Urbana,  and  consisted  largely  of  fertilizer  and  fungus 
problems.  Work  on  the  “ stem-rot”  of  carnations,  a disease  due  to 
the  fungus  Rhizoctonia,  has  been  practically  completed.  Some  in- 
vestigations are  now  in  progress  on  “branch-rot,”  which  is  similar 
to  stem-rot.  Fertilizer  experiments  were  conducted  with  roses,  carna- 
tions, and  chrysanthemums.  Especial  attention  has  been  directed  to 
problems  involving  the  value  of  acid  phosphate  in  fertilizing  carna- 
tions and  roses,  in  the  presence  of  an  ample  supply  of  nitrogenous  fer- 
tilizer ; the  overfeeding  of  carnations ; the  overfeeding  and  overwater- 
ing  of  bedding  plants  and  other  miscellaneous  stock ; and  the  time  of 
maximum  crop  production  in  carnations  and  roses,  the  relation  of 
cloudy  weather  to  the  splitting  of  carnations,  and  the  determination 
of  the  probable  error  in  rose  and  carnation  experiments.  The  results 
of  the  experiments  with  carnations  are  reported  in  Bulletin  176. 

In  plant-breeding,  investigations  were  conducted  with  the  apple 
with  regard  to  bud  selection,  seedlings  grown  from  selected  buds 
from  selected  trees,  hybridizing,  and  crossing  of  standard  varieties. 
Crossing  between  standard  varieties  of  peaches,  a project  which  was 
begun  in  1908,  has  produced  fruit  trees  of  sufficient  excellence  to 
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warrant  propagation  for  a more  extended  test  preliminary  to  naming 
them  as  varieties.  Crossing  and  hybridizing  is  now  being  done  with 
strawberries,  raspberries,  and  sweetpeas  for  the  purpose  of  combining 
and  developing  certain  desirable  qualities.  Efforts  are  also  being 
made  to  develop  a heading  lettuce  not  susceptible  to  tip-burn. 


REORGANIZATION  OF  THE  ADVISORY  COMMITTEES 

Beginning  with  1902  the  appropriation  of  the  Experiment  Station 
was  in  sections,  each  providing  for  a specific  line  of  work,  such  as  live- 
stock experimentation,  orchard  investigation,  and  so  forth.  In  every 
case  the  statute  provided  that  the  funds  should  be  expended  along  lines 
to  be  agreed  upon  by  the  Director  of  the  Experiment  Station  and  an 
advisory  committee  to  be  selected  by  a specified  agricultural  society. 
During  most  of  this  period  some  five  to  six  different  sections  were  in- 
cluded in  the  bill,  reporting  as  many  lines  of  work  and  an  equal  num- 
ber of  advisory  committees. 

This  relation  continued  until  the  University  went  upon  the  mill  tax 
basis,  when  it  was  held  by  the  Attorney  General  that  the  advisory 
committees,  having  been  created  by  an  appropriation  bill,  became 
extinct  with  the  life  of  the  appropriation.  Having  so  long  enjoyed 
the  benefit  of  the  counsel  and  support  of  this  system  of  advisory  com- 
mittees and  having  learned  their  value  for  purposes  of  dissemination, 
the  Experiment  Station  was  unwilling  to  proceed  under  its  heavy 
responsibilities  without,  if  possible,  reviving  the  advisory  committee 
relationship. 

Accordingly,  a recommendation  was  presented  to  the  Board  of 
Trustees,  providing  for  a system  of  advisory  committees  to  be  selected 
by  the  University  upon  nominations  by  the  various  agricultural  socie- 
ties directly  interested  in  the  work  of  the  Experiment  Station. 

Such  recommendation  was  adopted  and  acted  upon,  so  that  the 
Experiment  Station  again  enjoys  the  old  relation  except  for  the  fact 
that  the  individuals  constituting  the  committees  have  their  authority 
from  the  Board  of  Trustees  rather  than  from  the  legislature  of  the 
state. 
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COMPLETE  LIST  OF  PUBLICATIONS 
Bulletins  Nos.  1-173 : 1888-1914 

1888 

*1.  The  Station,  its  origin,  organization,  and  regulations;  Fields  of  investi- 
gations; Plans  for  immediate  work.  13  pp. 

*2.  Ensilage.  By  Thomas  J.  Hunt.  10  pp. 

*3.  Field  experiments  with  oats,  1888;  Germination  of  grass  and  clover  seeds. 
By  Geo.  E.  Morrow  and  T.  F.  Hunt.  11  pp. 

1889 

*4.  Field  experiments  with  corn,  1888.  By  George  E.  Morrow  and  T.  F.  Hunt. 
Garden  experiments  with  sweet  corn,  1888.  By  Thos.  J.  Burrill  and  G.  W.  McCluer. 
103  pp. 

*5.  Grasses  and  clovers:  effect  of  ripeness  on  yield  and  composition.  By 
Thomas  F.  Hunt.  24  pp. 

*6.  A bacterial  disease  of  corn.  By  Thomas  J.  Burrill.  12  pp.  illus. 

*7.  The  biology  of  ensilage.  By  Thomas  J.  Burrill.  Field  experiments  with 
oats,  1889.  By  Thomas  F.  Hunt.  37  pp. 

1890 

*8.  Field  experiments  with  corn,  1889.  By  Thomas  F.  Hunt  and  G.  E. 
Morrow.  Garden  experiments  with  sweet  corn,  1889.  By  Thos.  J.  Burrill  and 

G.  W.  McCluer.  75  pp. 

*9.  Milk  and  butter  tests;  Milk  tests.  By  George  E.  Morrow  and  Albert  G. 
Manns.  The  comparative  value  of  corn  fodder  and  ensilage  in  feeding  yearling 
heifers.  By  E.  H.  Farrington.  Value  of  pasture,  and  of  grain  rotation  with 
pasture,  for  young  cattle.  By  G.  E.  Morrow.  Experiments  in  progress,  May, 
1890.  40  pp. 

*10.  Investigations  of  “milk  tests.”  By  E.  H.  Farrington.  8 pp. 

*11.  Experiments  with  wheat.  By  Thomas  F.  Hunt.  16  pp. 

*12.  Field  experiments  with  oats,  1890.  By  George  E.  Morrow  and  Thomas 
F.  Hunt.  Milk  and  butter  tests.  By  G.  E.  Morrow.  Cream  raising  by  dilution. 
By  G.  E.  Morrow  and  E.  H.  Farrington.  The  hessian  fly.  illus.  By  S.  A.  Forbes. 
Canada  thistles,  their  extermination.  By  T.  J.  Burrill.  36  pp. 

1891 

*13.  Field  experiments  with  corn,  1890.  By  G.  E.  Morrow  and  T’.  F.  Hunt. 
Garden  experiments  with  sweet  corn,  1890 ; Pop  corn,  tests  of  varieties.  By 
Thomas  J.  Burrill  and  Geo.  W.  McCluer.  Growth  and  increase  of  dry  matter  in 
corn;  Weight  of  ear  corn  per  bushel  of  shelled  corn.  By  G.  E.  Morrow.  64  pp. 

*14.  Milk  tests:  methods  of  testing  milk  (automatic  pipette  for  measuring 
acids,  chemical  analysis  of  “germ  meal”  and  of  “oat  dust  feed”).  By  E.  H. 
Farrington.  16  pp.  illus. 

*15.  The  fruit  bark  beetle.  By  S.  A.  Forbes,  illus.  Experiments  with  grass 
seeds  and  with  grasses  and  clovers.  By  G.  E.  Morrow  and  T.  F.  Hunt.  Use  of 
fungicides  upon  the  apple,  the  potato,  and  the  grape.  By  T.  J.  Burrill  and  G.  W. 
McCluer.  30  pp. 

*16.  Experiments  in  pig  feeding.  By  G.  E.  Morrow.  Composite  milk  sam- 
ples tested  for  butter  fat  (automatic  pipette  for  measuring  acids),  illus.  By  E. 

H.  Farrington.  20  pp. 

*17.  Experiments  with  wheat,  1890-91.  By  G.  E.  Morrow.  Daily  variation 
in  milk  and  butter  production  of  cows.  By  E.  H.  Farrington.  16  pp. 

*18.  Dairying  experiments.  By  E.  H.  Farrington.  16  pp.  illus. 
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1892 

*19.  Experiments  with  oats,  1891.  By  G.  E.  Morrow  ami  F.  D.  Gardner. 
The  chinch  bug  in  Illinois,  1891-92.  By  S.  A.  Forbes.  16  pp. 

*20.  Field  experiments  with  corn,  1891.  By  G.  E.  Morrow  and  F.  D.  Gardner. 
24  pp. 

*21.  Horticulture,  a general  report.  By  T.  J.  Burrill  and  G.  W.  McCluer. 
Corn  crossing;  Sweet  corn,  thickness  of  planting,  1891.  By  G.  W.  McCluer.  illus. 
The  late  season  and  the  corn  crop.  By  G.  E.  Morrow.  32  pp. 

*22.  Experiments  with  wheat  1891-92.  By  G.  E.  Morrow  and  Frank  D. 
Gardner.  16  pp. 

*23.  Experiments  with  oats,  1892.  By  G.  E.  Morrow  and  F.  D.  Gardner. 

16  pp. 

1893 

*24.  Variations  in  milk.  By  E.  H.  Farrington.  36  pp. 

*25.  Field  experiments  with  corn,  1892.  By  G.  E.  Morrow  and  F.  D.  Gard- 
ner. 32  pp. 

*26.  The  forest  tree  plantation.  Bv  T.  J.  Burrill  and  G.  W.  McCluer.  40 
pp.  illus. 

*27.  Some  new  points  in  the  manipulation  of  the  Babcock  milk  test.  By 
E.  H.  Farrington.  4 pp. 

*28.  Grapes,  test  of  varieties;  A grape  disease;  Grapes,  methods  of  training. 
By  G.  W.  McCluer.  34  pp. 

*29.  Orange  rust  of  raspberry  and  blackberry,  illus.  By  G.  P.  Clinton.  A 
new  factor  in  economic  agriculture  (symbiosis).  By  Albert  Schneider.  48  pp.  illus. 

1894 

*30.  Blackberries  and  raspberries,  variety  tests,  and  management.  By  G.  W. 
McCluer.  12  pp. 

*31.  Corn  and  oats  experiments,  1893.  By  G.  E.  Morrow  and  F.  D.  Gardner. 
56  pp. 

*32.  An  acid  test  of  cream.  By  E.  H.  Farrington.  6 pp. 

*33.  The  chinch  bug  in  southern  Illinois,  1894.  By  S.  A.  Forbes.  Alkaline 
tablets  for  testing  the  acidity  of  cream.  By  E.  H.  Farrington.  Certified  tests  of 
dairy  cows.  By  G.  E.  Morrow.  4 pp. 

*34.  Experiments  with  wheat,  1893-94;  Experiments  with  oats,  1894.  By 
G.  E.  Morrow  and  F.  D.  Gardner.  Meteorological  records.  By  G.  E.  Morrow.  20  pp. 
*35.  The  Russian  thistle  in  Illinois.  By  G.  E.  Morrow  4 pp.  illus. 

*36.  Stock  feeding  in  Illinois.  By  G.  E.  Morrow.  11  pp. 

1895 

*37.  Corn  experiments,  1894.  By  F.  D.  Gardner.  24  pp. 

*38.  Experiments  with  the  muscardine  disease  of  the  chinch  bug,  and  with 

the  trap  and  barrier  method  for  the  destruction  of  that  insect.  By  S.  A.  Forbes. 
62  pp.  illus. 

*39.  The  Russian  thistle  and  some  plants  that  are  mistaken  for  it.  By  G.  P. 
Clinton.  32  pp.  illus. 

*40.  Potatoes,  experiments  of  1892-3-4,  with  a statement  of  some  results 
obtained  at  other  stations.  By  G.  W.  McCluer.  Fungous  diseases  of  the  potato; 

An  experiment  to  prevent  scab  and  leaf  blight  of  potatoes.  By  G.  P.  Clinton, 

illus.  28  pp. 

1896 

*41.  Experiments  with  wheal,  1888-95 ; Experiments  with  oats,  1888-95.  By 
Eugene  Davenport  and  W.  J.  Fraser.  15  pp. 

*42.  Corn  experiments,  1895.  By  Eugene  Davenport  and  W.  J.  Fraser.  18  pp. 
*43.  Composition  and  digestibility  of  corn  ensilage,  cow  pea  ensilage,  soja 
bean  ensilage,  and  corn  fodder.  By  Cyril  G.  Hopkins.  28  pp. 

*44.  Insect  injuries  to  the  seed  and  root  of  Indian  corn.  By  S.  A.  Forbes. 
88  pp.  illus. 

*45.  Varieties  of  apples.  By  T.  J.  Burrill  and  G.  W.  McCluer.  52  pp. 

1897 

*46.  Experiments  with  corn.  By  W.  J.  Fraser.  Attempts  to  grow  crimson 
clover.  By  E.  Davenport.  On  the  improvement  of  retentive  clays;  drainage  of  the 
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so-called  “hard  pan”  lands  of  southern . Illinois.  By  E.  Davenport.  On  the 
importance  of  the  physiological  requirements  of  the  animal  body:  results  of  an 
attempt  to  grow  cattle  without  coarse  feed.  By  Eugene  Davenport.  24  pp. 

*47.  Broom  corn  smut.  By  G.  P.  Clinton.  40  pp.  illus. 

*48.  The  San  Jose  scale  in  Illinois.  By  S.  A.  Forbes.  16  pp.  illus. 

1898 

*49.  The  sugar  beet  in  Illinois.  By  Perry  G.  Holden  and  Cyril  G.  Hopkins. 
52  pp.  illus. 

*50.  The  cost  of  production  of  corn  and  oats  in  Illinois  in  1896.  By  Nathan 
A.  Weston.  24  pp. 

*51.  Variations  in  milk  and  milk  production.  By  E.  Davenport  and  W.  J. 
Fraser.  28  pp. 

*52.  Orchard  cultivation.  By  T.  J.  Burrill  and  Joseph  C.  Blair.  23  pp.  illus. 
*53.  The  chemistry  of  the  corn  kernel.  By  C.  G.  Hopkins.  52  pp.  illus. 

1899 

*54.  Spraying  apple  trees,  with  special  reference  to  apple  scab  fungus.  By 
Joseph  Cullen  Blair.  24  pp.  illus. 

*55.  Improvement  in  the  chemical  composition  of  the  corn  kernel.  By  Cyril 
G.  Hopkius.  36  pp.  illus. 

*56.  Recent  work  on  the  San  Jose  scale  in  Illinois.  By  Stephen  A.  Forbes. 
47  pp.  illus. 

1900 

*57.  The  smuts  of  Illinois  agricultural  plants.  By  G.  P.  Clinton.  72  pp.  illus. 
*58.  Composition  and  digestibility  of  corn  fodder  and  corn  stover.  By  Cyril 
G.  Hopkins.  10  pp. 

*59.  Orchard  management.  By  Joseph  Cullen  Blair.  26  pp.  illus. 

*60.  The  economic  entomology  of  the  sugar  beet.  By  Stephen  A.  Forbes 
and  Charles  A.  Hart.  136  pp.  illus. 

1901 

*61.  The  farmer’s  vegetable  garden.  By  John  W.  Lloyd.  16  pp.  illus. 

*62.  The  market  classes  of  horses.  By  E.  Davenport.  12  pp.  illus. 

*63.  Seed  corn  and  some  standard  varieties  for  Illinois.  By  Archibald  D. 
Shamel.  28  pp.  illus. 

*64.  Treatment  of  oats  for  smut.  By  Archibald  D.  Shamel.  16  pp.  illus. 

*65.  Construction  and  care  of  earth  roads.  By  Ira  O.  Baker.  21  pp.  illus. 
*66.  Individual  differences  in  the  value  of  dairy  cows.  By  Wilber  J.  Fraser. 
14  pp.  illus. 

*67.  Apple  scab.  By  George  P.  Clinton.  48  pp.  illus. 

1902 

*68.  Important  details  of  spraying.  By  Arnold  V.  Stubenrauch.  32  pp.  illus. 
*69.  Apple  rots  in  Illinois.  By  George  P.  Clinton.  36  pp.  illus. 

*70.  Canker  of  apple  trees.  By  Heinrich  Hasselbring.  15  pp.  illus. 

*71.  Experiments  with  insecticides  for  the  San  Jose  scale.  By  S.  A.  Forbes. 

24  pp. 

*72.  Additional  insecticide  experiments  for  the  San  Jose  Seale.  By  S.  A. 
Forbes.  4 pp. 

*73.  Comparison  of  silage  and  shock  corn  for  wintering  calves  intended  for 
beef  producton.  By  Herbert  W.  Mumford.  14  pp.  illus. 

*74.  Standard  milk  and  cream.  By  Wilber  J.  Fraser.  14  pp.  illus. 

*75.  Standardization  of  milk  and  cream.  By  Oscar  Erf.  13  pp. 

76.  Alfalfa  on  Illinois  soil.  By  Cyril  George  Hopkins.  39  pp.  illus. 

*77.  Bitter  rot  of  apples.  By  Thomas  J.  Burrill  and  Joseph  C.  Blair.  16  pp. 

illus. 
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"78.  Market  classes  and  grades  of  cattle  with  suggestions  for  interpreting 
market  quotations.  By  Herbert  W.  Mumford.  67  pp.  illus. 

*79.  The  corn  bill-bugs  in  Illinois.  By  S.  A.  Forbes.  27  pp. 

*80.  Methods  and  results  of  field  insecticide  work  against  the  San  Jose  scale, 
1899-1902.  By  S.  A.  Forbes.  40  pp.  illus. 

*81.  Forcing  tomatoes.  By  Alvin  C.  Beal.  22  pp.  illus. 

*82.  Methods  of  corn  breeding.  By  Cyril  George  Hopkins.  15  pp.  illus. 

1903 

*83.  Feeds  supplementary  to  corn  for  fattening  steers.  By  Herbert  W.  Mum- 
ford.  36  pp. 

*84.  Dairy  conditions  and  suggestions  for  their  improvement.  By  Wilber 
J.  Fraser.  55  pp.  illus. 

*85.  Records  of  individual  cows  on  dairy  farms.  By  Arthur  J.  Glover.  44  pp. 

illus. 

*86.  Climate  of  Illinois.  By  J.  G.  Mosier.  32  pp.  illus. 

87.  The  structure  of  the  corn  kernel  and  the  composition  of  its  different 
parts.  By  Cyril  G.  Hopkins,  Louie  H.  Smith,  and  Edward  M.  East.  36  pp.  illus. 

*88.  Soil  treatment  for  wheat  in  rotations,  with  special  reference  to  southern 
Illinois  soils.  By  CVril  G.  Hopkins.  31  pp.  illus. 

*89.  Notes  on  the  insecticide  use  of  the  gasoline  blast  lamp.  By  S.  A.  Forbes. 

10  pp. 

*90.  Fattening  steers  of  the  various  market  grades.  By  Herbert  W.  Mum- 
ford.  63  pp.  illus. 

*91.  Preventing  contamination  of  milk.  By  Wilber  J.  Fraser.  31  pp.  illus. 
*92.  City  milk  supply.  By  Wilber  J.  Fraser.  22  pp.  illus. 

1904 

*93.  Soil  treatment  for  peaty  swamp  lands,  including  reference  to  sand  and 
“alkali”  soils.  By  Cyril  G.  Hopkins.  31  pp.  illus. 

94.  Nitrogen  bacteria  and  legumes.  By  Cyril  G.  Hopkins.  24  pp.  illus. 

*95.  The  more  important  insect  injuries  to  Indian  corn.  By  S.  A.  Forbes. 
71  pp.  illus. 

*96.  The  testing  of  corn  for  seed.  By  Albert  N.  Hume.  18  pp.  illus. 

*97.  Market  classes  and  grades  of  swine.  By  William  Dietrich.  47  pp.  illus. 

1905 

*98.  The  curculio  and  the  apple.  By  Charles  S.  Crandall.  96  pp.  illus. 

*99.  Soil  treatment  for  the  lower  Illinois  glaciation.  By  Cyril  G.  Hopkins 
and  J.  E.  Readhimer.  39  pp.  illus. 

*100.  Directions  for  the  breeding  of  corn,  including  methods  for  the  preven- 
tion of  inbreeding.  By  Cyril  G.  Hopkins,  Louie  H.  Smith,  and  Edward  M.  East. 
28  pp.  illus. 

*101.  Crops  for  the  silo,  cost  of  filling,  and  effect  of  silage  on  the  flavor  of 
milk.  By  Wilber  J.  Fraser.  20  pp.  illus. 

*102.  The  construction  of  silos.  By  Wilber  J.  Fraser.  43  pp.  illus. 

*103.  Comparison  of  methods  of  preparing  corn  and  clover  hay  for  fattening 
steers.  By  Herbert  W.  Mumford.  53  pp.  illus. 

*104.  Field  experiments  and  observations  on  insects  injurious  to  Indian  corn. 
By  S.  A.  Forbes.  60  pp.  illus. 

1906 

*105.  The  farmer ’s  vegetable  garden.  By  John  W.  Lloyd.  55  pp.  illus. 

*106.  Spraying  apples.  By  Charles  S.  Crandall.  38  pp.  illus. 

*107.  Comparative  experiments  with  various  insecticides  for  the  San  Jose 
scale.  By  S.  A.  Forbes.  21  pp. 

*108  Spraying  apples  for  the  plum-curculio.  By  S.  A.  Forbes.  24  pp.  illus. 
109.  The  location,  construction,  and  operation  of  hog  houses.  By  William 
Dietrich.  18  pp.  illus. 
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*110.  Storage  barn,  sheds,  feed  lots,  and  other  equipment  for  feeding  experi- 
mental cattle  in  car  load  lots.  By  Herbert  W.  Mumford  and  Edwin  S.  Good. 
24  pp.  illus. 

111.  Maintenance  rations  for  beef  breeding  cows.  By  Herbert  W.  Mumford. 
20  pp.  illus. 

1907 

*112.  The  cottony  maple  scale  in  Illinois.  By  S.  A.  Forbes.  22  pp.  illus. 

*113.  The  shrinkage  of  ear  corn  in  cribs.  By  Albert  N.  Hume  and  O.  D. 
Center.  18  pp. 

114.  Spraying  for  the  codling  moth.  By  John  W.  Lloyd.  55  pp.  illus. 

*115.  Soil  improvement  for  the  worn  hill  lands  of  Illinois.  By  Cyril  G. 
Hopkins  and  J.  E.  Readhimer.  15  pp. 

116.  On  the  life  history,  habits  and  economic  relations  of  the  white-grubs 
and  May-beetles.  By  S.  A.  Forbes.  36  pp. 

117.  Bitter  rot  of  apples,  horticultural  investigations.  By  Joseph  C.  Blair. 
71  pp.  illus. 

118.  Bitter  rot  of  apples,  botanical  investigations.  By  Thomas  J.  Burrill. 
56  pp.  illus. 

119.  Type  and  variability  in  corn.  By  Eugene  Davenport  and  Henry  L. 
Rietz.  40  pp. 

*120.  Milk  supply  of  Chicago  and  twenty-six  other  cities.  By  John  M.  True- 
man. 32  pp. 

1908 

121.  Variety  tests  of  wheat.  By  Albert  N.  Hume,  O.  D.  Center,  and  Leonard 
Hegnauer.  24  pp.  illus. 

122.  Market  classes  and  grades  of  horses  and  mules.  By  Rufus  C.  Obrecht. 
98  pp.  illus. 

*123.  The  fertility  in  Illinois  soils.  By  Cyril  G.  Hopkins  and  James  H. 
Pettit.  112  pp.  illus. 

124.  Marketing  the  muskmelon.  By  John  W.  Lloyd.  30  pp.  illus. 

*125.  Thirty  years  of  crop  rotations  on  the  common  prairie  soil  of  Illinois. 
By  Cyril  G.  Hopkins,  J.  E.  Readhimer,  and  William  G.  Eckhardt.  36  pp.  illus. 

*126.  Distance  between  hills  for  corn  in  the  Illinois  corn  belt.  By  Albert  N. 
Hume,  O.  D.  Center,  and  Leonard  Hegnauer.  20  pp. 

*127.  A study  of  the  factors  influencing  the  improvement  of  the  potato.  By 
Edward  M.  East.  84  pp.  illus. 

*128.  Ten  generations  of  corn  breeding.  By  Louie  H.  Smith.  123  pp.  illus. 

129.  Market  classes  and  grades  of  sheep.  By  W.  C.  Coffey.  63  pp.  illus. 

130.  Experiments  with  repellents  against  the  corn  root  aphis,  1905  and  1906. 
By  Stephen  A.  Forbes.  28  pp. 

131.  Habits  and  behavior  of  the  corn-field  ant,  Lasius  niger  americanus. 
By  Stephen  A.  Forbes,  17  pp.  illus. 


1909 

132.  The  effect  of  selection  upon  certain  physical  characters  in  the  corn 
plant.  By  Louie  H.  Smith.  16  pp.  illus. 

133.  Ear  rots  of  corn.  By  Thomas  J.  Burrill  and  James  T.  Barrett.  47  pp. 

illus. 

*134.  The  insect  pests  of  clover  and  alfalfa.  By  J.  W.  Folsom.  87  pp.  illus. 
*135.  Bordeaux  mixture.  By  Charles  S.  Crandall.  98  pp.  illus. 

*136.  Methods  of  seeding  oats,  drilling  and  broadcasting.  By  Albert  N. 
Hume,  O.  D.  Center,  and  Leonard  Hegnauer.  16  pp.  illus. 

137.  A study  of  factors  influencing  the  composition  of  butter.  By  Carl  E. 
Lee,  Nelson  W.  Hepburn,  and  Jesse  M.  Barnhart.  54  pp. 

138.  Pasteurization  as  a factor  in  making  butter  from  cream  skimmed  on  the 
farm.  By  Carl  E.  Lee.  72  pp. 

139.  Composition  of  market  butter.  By  Carl  E.  Lee  and  Jesse  M.  Barnhart. 
19  PP- 
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*140.  Dairy  suggestions  from  European  conditions  as  seen  in  the  British 
Tsles,  Holland,  and  Denmark.  By  Wilber  J.  Fraser  and  Royden  E.  Brand,  63  pp. 
illus. 

*141.  Relative  efficiency  of  different  rations  for  fleshing  horses  for  mar- 
ket. By  Rufus  C.  Obrecht.  40  pp.  illus. 

142.  Short  fed  steers:  a comparison  of  methods  of  feeding.  By  Herbert  W. 
Mumford  and  H.  0.  Allison.  16  pp.  illus. 

1910 

*143.  Economy  of  the  round  dairy  barn.  By  Wilber  J.  Fraser.  46  pp.  illus. 

144.  Growing  tomatoes  for  early  market.  By  John  W.  Lloyd  and  I.  S.  Brooks. 
44  pp.  illus. 

145.  Quantitative  relationships  of  carbon,  phosphorus,  and  nitrogen  in  soils. 
By  Robert  Stewart.  40  pp. 

146.  Alfalfa  hay  vs.  timothy  hay,  and  alfalfa  hay  vs.  bran  for  dairy  cows. 
By  Wilber  J.  Fraser  and  Cassius  C.  Hayden.  16  pp. 

147.  Market  classes  and  grades  of  meat.  By  Louis  D.  Hall.  146  pp.  illus. 
*148.  On  the  measurement  of  correlation  with  special  reference  to  some  char- 
acters of  Indian  corn.  By  Henry  L.  Rietz  and  Louie  H.  Smith.  28  pp. 

1911 

*149.  Tuberculosis  of  farm  animals.  By  Charles  F.  Briscoe  and  W.  J.  MacNeal. 
J 19  pp.  illus. 

150.  Feeding  farm  work  horses.  By  Rufus  C.  Obrecht.  31  pp.  illus. 

*151.  Important  insects  of  Illinois  shade  trees  and  shrubs.  By  Stephen  A. 
Forbes.  69  pp.  illus. 

*152.  Contagious  abortion  of  cows.  By  W.  J.  MacNeal  and  Herbert  W.  Mum- 
ford.  15  pp. 

1912 

153.  Comparison  of  methods  of  sampling  cream  for  testing.  By  Carl  E.  Lee 
and  Nelson  W.  Hepburn.  32  pp. 

154.  What  is  the  matter  with  the  elms  in  Illinois?  By  Stephen  A.  Forbes. 
22  pp.  illus. 

355.  Fertilizer  experiments  with  muskmelons.  By  John  W.  Lloyd.  41  pp. 

illus. 

156.  Insects  injurious  to  stored  grains  and  their  ground  products.  By  A.  A. 
Girault.  28  pp.  illus. 

157.  Peaty  swamp  lands;  sand  and  “alkali”  soils.  By  Cyril  G.  Hopkins, 
J.  E.  Readhimer,  and  O.  S.  Fisher.  39  pp.  illus. 

158.  Relative  economy,  composition,  and  nutritive  value  of  the  various  cuts 
of  beef.  By  L.  D.  Hall  and  A.  D.  Emmett.  101  pp.  illus. 

159.  Balanced  vs.  unbalanced  rations  for  dairy  cows.  By  Wilber  J.  Fraser 
and  Cassius  C.  Hayden.  12  pp.  illus. 

*160.  Official  records  of  pure-bred  dairy  cows.  By  C.  C.  Hayden.  30  pp.  illus. 

161.  Fate  of  tubercle  bacilli  outside  the  animal  body.  By  Charles  F.  Briscoe. 
99  pp.  illus. 

1913 

162.  Tuberculosis  in  the  University  dairy  herd.  By  Cassius  C.  Hayden.  31  pp. 

illus. 

163.  The  maintenance  requirement  of  swine.  By  William  Dietrich.  27  pp. 

164.  Milk  required  to  raise  a dairy  calf.  By  Wilber  J.  Fraser  and  Royden 
E.  Brand.  24  pp.  illus. 

165.  The  element  of  uncertainty  in  the  interpretation  of  feeding  experiments. 
By  H.  H.  Mitchell  and  H.  S.  Grindley.  121  pp. 

1914 

166.  Review  of  American  investigations  on  fattening  lambs.  By  Sleeter  Bull 
and  A.  D.  Emmett.  50  pp.  illus. 

167.  Proportions  of  shelled  corn  and  alfalfa  hay  for  fattening  western  lambs. 
By  W.  C.  Coffey.  32  pp. 

168.  A study  of  the  development  of  growing  pigs.  By  A.  D.  Emmett,  H.  S. 
Grindley,  W.  E.  Joseph,  and  R.  H.  Williams.  53  pp.  illus. 
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169.  A study  of  the  ash  content  of  growing  pigs.  By  R.  H.  Williams  and 
A.  D.  Emmett.  23  pp. 

170.  Coefficients  of  digestibility  of  some  common  rations  for  swine.  By 
William  Dietrich  and  H.  S.  Grindley.  39  pp. 

171.  A study  of  the  phosphorous  content  of  growing  pigs.  By  R.  H.  Williams 
and  A.  D.  Emmett.  28  pp. 

172.  A study  of  the  digestibility  of  rations  for  steers.  By  H.  W.  Mumford, 
H.  S.  Grindley,  L.  D.  Hall,  A.  D.  Emmett,  W.  E.  Joseph,  and  H.  O.  Allison.  53  pp. 
illus. 

173.  A study  of  the  forms  of  nitrogen  in  growing  pigs.  By  W.  E.  Joseph. 
31  pp. 


Circulars  Nos.  1-173:  1897-1914 


1897 

*1.  Sugar  beet. 

*2.  Special  instructions  to  growers  of  sugar  beets  for  experimental  purposes. 
By  Perry  G.  Holden.  2 pp. 

*3.  Special  instructions  for  taking  samples  of  sugar  beets  for  analysis.  By 
P.  G.  Holden  and  C.  G.  Hopkins.  2 pp. 

*4.  Alfalfa,  By  E.  Davenport.  4 pp. 

*5.  The  cowpea  and  soja  bean.  By  E.  Davenport.  4 pp. 

*6.  The  sugar  beet  in  Illinois.  By  E.  Davenport.  3 pp. 


1898 


*7.  Sugar  beet  convention.  By  E.  Davenport.  1 p. 

*8.  Spraying  fruit  trees.  By  J.  C.  Blair.  3 pp. 

*9.  Instructions  for  growing  sugar  beets.  By  P.  G.  Holden.  4 pp. 

*10.  Experiments  in  corn  cultivation.  By  E.  Davenport.  4 pp. 

*11.  Special  precautions  for  producing  pure  milk  in  hot  weather.  By  W.  J. 
Fraser.  4 pp. 

*12.  Special  instructions  for  taking  samples  of  sugar  beets  for  analysis.  By 
C.  G.  Hopkins.  2 pp. 

*13.  A study  of  the  milk  supply  of  Chicago.  By  Jane  Addams  and  H.  S. 
Grindley.  18  pp. 

1899 


*14.  Sugar  beet  experiment  in  Illinois.  By  E.  Davenport.  3 pp. 

*15.  Green  feed  for  summer  drought.  By  W.  J.  Fraser.  2 pp. 

*16.  Testing  seed  corn  and  sugar  beet  seed,  etc.  By  E.  Davenport.  1 p. 

*17.  Instructions  for  growing  sugar  beets.  By  P.  J.  Holden.  4 pp. 

1900 

*18.  Some  facts  regarding  broom  corn.  By  E.  Davenport.  2 pp. 

*19.  The  sugar  beet  industry  in  Illinois.  By  E.  Davenport.  3 pp. 

*20.  Treatment  of  oats  for  smut.  By  E.  Davenport.  3 pp.  illus. 

*21.  Variety  tests  of  oats,  1899.  By  A.  D.  Shamel.  2 pp. 

*22.  Tests  of  varieties  of  corn.  By  E.  Davenport.  4 pp. 

*23.  Instructions  for  growing  sugar  beets.  4 pp. 

*24.  Seed  corn.  By  A.  D.  Shamel.  3 pp. 

*25.  Inquiry  concerning  smut  of  oats.  3 pp.  illus. 

*26.  List  of  creameries  in  Illinois.  16  pp. 

*27.  Inquiry  concerning  barren  corn  stalks.  By  A.  D.  Shamel.  2 pp. 

*28.  Special  instructions  for  taking  samples  of  sugar  beets  for  analysis.  By 
L.  H.  Smith.  2 pp. 

1901 

*29.  Treatment  of  oats  for  smut.  By  A.  D.  Shamel.  2 pp. 

*30.  Earth  roads.  1 p. 
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*31.  Inquiry  concerning  the  amount  of  loss  from  smut  of  wheat  in  Illinois. 
3 pp.  illus. 

*32.  Inquiry  concerning  the  amount  of  smut  in  oats.  3 pp.  illus. 

*33.  Inquiry  concerning  the  number  of  barren  stalks  in  Illinois  corn  fields. 

3 pp. 

*34.  Corn  experiments,  number  of  stalks  in  hill.  3 pp. 

*35.  Corn  experiments,  detasselling  corn.  3 pp. 

*36.  On  the  principal  nursery  pests  likely  to  be  distributed  in  trade.  By 
S.  A.  Forbes.  43  pp.  illus. 

*37.  Apple  fruit-rots.  By  Thomas  J.  Burrill  and  Joseph  C.  Blair.  10  pp.  illus. 

1902 

*38.  Characteristics  of  the  prime  steer.  By  H.  W.  Mumford.  3 pp. 

*39.  Directions  and  formulas  for  spraying.  By  Arnold  V.  Stubenrauch  and 

John  W.  Lloyd.  11  pp. 

*40.  The  farmer’s  fruit  garden.  By  Arnold  Y.  Stubenrauch.  7 pp. 

*41.  Small  fruits  for  the  northern  half  of  the  state,  and  how  to  grow  them. 
By  John  W.  Lloyd.  3 pp. 

*42.  Lists  of  fruits  recommended  for  a farmer ’s  garden  of  one  acre  in  north- 
ern Illinois.  By  W.  S.  Hotchkiss.  4 pp. 

*43.  Field  work  with  bitter  rot  during  1901.  By  J.  C.  Blair  and  A.  Y.  Stuben- 
rauch. 27  pp.  illus. 

*44.  Fruit  storage  experiments.  By  Joseph  C.  Blair.  66  pp.  illus. 

*45.  Vegetables  for  a farmer’s  garden  in  northern  Illinois.  By  John  W. 
Lloyd.  5 pp. 

*46.  The  farmer’s  flower  garden.  By  A.  C.  Beal.  3 pp. 

*47.  The  window  garden.  By  A.  C.  Beal.  3 pp. 

*48.  The  characteristics  of  stockers  and  feeders.  By  Herbert  W.  Mumford. 

4 pp. 

*49.  A test  of  the  vitality  of  seed  corn.  By  A.  D.  Shamel.  4 pp. 

*50.  Individual  differences  in  the  value  of  dairy  cows.  By  W.  J.  Fraser. 
8 pp.  illus. 

*51.  Standard  milk  and  cream.  By  W.  J.  Fraser.  12  pp.  illus. 

*52.  Instructions  for  growing  sugar  beets.  By  Cyril  G.  Hopkins.  5 pp. 

*53.  Insecticide  experiments  for  the  San  Jose  scale.  2 pp. 

*54.  Inquiry  concerning  amount  of  loss  from  smut  of  wheat  in  Illinois.  By 
A.  D.  Shamel.  3 pp.  illus. 

*55.  Inquiry  concerning  smut  of  oats.  By  A.  D.  Shamel.  3 pp.  illus. 

*56.  Corn  experiments,  detasseling  corn.  By  A.  D.  Shamel.  4 pp. 

*57.  Inquiry  concerning  the  number  of  barren  stalks  in  Illinois  corn  fields. 
By  A.  D.  Shamel.  3 pp. 

*58.  Prevention  of  bitter  rot.  By  T.  J.  Burrill  and  J.  C.  Blair.  3 pp. 

*59.  A new  form  of  incubator  and  thermoregulator  for  bacteriological  work. 
By  Hugh  Elmer  Ward.  12  pp.  illus. 

*60.  Animal  Husbandry  Department  form  No.  7 (acknowledgment).  By 
Herbert  W.  Mumford.  1 p. 

*61.  Supplement  to  Bulletin  No.  73  “Comparison  of  silage  and  shock  corn 
for  wintering  calves  intended  for  beef  production.”  By  Herbert  W.  Mumford. 


*62.  Sugar  beet  investigation  in  Illinois.  By  Cyril  G.  Hopkins  and  Louie 
H.  Smith.  6 pp. 

*63.  Dairy  investigations.  By  Wilber  J.  Fraser.  7 pp. 

*64.  Investigation  of  Illinois  soils.  By  Cyril  G.  Hopkins.  26  pp.  illus. 

*65.  Live  stock  investigations.  By  Herbert  W.  Mumford.  29  pp.  illus. 

*66.  Corn  experiments  in  Illinois.  By  Cyril  G.  Hopkins,  Louie  H.  Smith, 
and  Archibald  D.  Shamel.  14  pp. 

*67.  Fruit  and  orchard  investigations.  28  pp.  illus. 
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*68.  Methods  of  maintaining  the  productive  capacity  of  Illinois  soils.  By 
Cyril  G.  Hopkins.  40  pp.  illus. 

*69.  The  cow  pea  and  the  soja  bean  in  Illinois.  By  Dwight  S.  Daibey. 
15  pp.  illus. 

*70.  Infected  alfalfa  soil.  By  Cyril  G.  Hopkins.  2 pp. 

*71.  Roasting  of  beef.  By  Isabel  Bevier  and  Elizabeth  C.  Sprague.  30  pp. 
*72.  Present  status  of  soil  investigation.  Bv  Cyril  G.  Hopkins.  21  pp.  illus. 
*73.  The  University  dairy.  20  pp.  illus. 


1904 


*74.  Directions  for  the  breeding  of  corn.  By  Louie  H.  Smith.  16  pp. 

*75.  Feeding  dairy  cows.  By  Wilber  J.  Fraser.  18  pp. 

*76.  Improvement  of  dairy  herds.  By  Herbert  A.  Hopper.  15  pp.  illus. 
*77.  Records  of  individual  cows  on  dairy  farms.  By  Arthur  J.  Glover.  31  pp. 

illus. 

*78.  Clean  milk. 

*79.  Present  methods  of  beef  production,  I.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  10  pp. 

*80.  Power  spraying.  By  J.  C.  Blair.  1 p. 

*81.  Selection  of  seed  in  potato  growing.  By  Edward  M.  East.  12  pp. 

82.  The  physical  improvement  of  soils.  By  J.  G.  Mosier.  24  pp.  illus. 

*83.  The  swine  industry  from  the  market  standpoint.  By  William  Dietrich. 

8 pp. 

*84.  Records  of  dairy  herds.  By  Arthur  J.  Glover.  38  pp.  illus. 


1905 

*85.  Practical  treatment  of  the  San  Jose  scale.  By  S.  A.  Forbes.  4 pp. 

86.  Science  and  sense  in  the  inoculation  of  legumes.  By  Cyril  G.  Hopkins. 

7 pp. 

*87.  Factors  in  crop  production,  with  special  reference  to  permanent  agri- 
culture in  Illinois.  By  Cyril  G.  Hopkins.  32  pp. 

*88.  Present  methods  of  beef  production,  TT.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  7 pp. 

*89.  Treatment  of  oats  for  smut.  By  Albert  X.  Hume.  3 pp. 

*90.  Sampling  milk  for  composite  tests  of  individual  cows.  By  Herbert  A. 
Hopper.  5 pp.  illus. 

*91.  Present  methods  of  beef  production,  III.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  4 pp. 

*92.  Present  methods  of  beef  production,  IV.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  8 pp. 

*93.  Should  dairy  cows  be  confined  in  stalls.  By  Wilber  J.  Fraser.  24  pp.  illus. 
*94.  Present  methods  of  beef  production,  V.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  4 pp. 

*95.  Suggestions  for  the  improvement  of  dairy  barns.  By  Herbert  A.  Hop- 
per. 20  pp.  illus. 

*96.  Soil  improvement  for  the  Illinois  corn  belt.  By  Cyril  G.  Hopkins. 
16  pp.  illus. 

*97.  Soil  treatment  for  wheat  on  the  poorer  lands  of  the  Illinois  wheat  belt. 
By  Cyril  G.  Hopkins.  22  pp. 

*98.  Present  methods  of  beef  production,  VI.  By  Herbert  W.  Mumford  and 
Louis  D.  Hall.  15  pp.  illus. 
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Summary  of  Bulletin  No.  174 


1.  Melon  lice  are  very  difficult  to  combat  successfully  because  of  the  fact 
that  they  live  mainly  on  the  undersurfaces  of  the  leaves,  and  that,  in  order  to 
destroy  them,  their  bodies  must  be  hit  with  a material  that  kills  by  contact. 

Page  322 

2.  An  attack  by  melon  lice  commonly  begins  on  a single  hill,  or  on  a few 

hills  scattered  over  a patch.  By  timely  treatment  of  the  first  infested  hills, 
combined  with  the  work  of  predaceous  insects,  the  lice  may  often  be  controlled. 
However,  in  seasons  favorable  for  rapid  multiplication,  the  lice  eventually  spread 
over  the  entire  patch  in  spite  of  such  treatment.  Page  322 

3.  The  lice  suck  the  juices  from  the  plant  and  cause  the  leaves  to  curl. 
The  plants  are  weakened,  and  the  crop  is  reduced,  both  in  quality  and  quantity. 
In  the  case  of  severe  attacks,  the  vines  are  often  killed  outright.  Page  322 

4.  Severe  attacks  of  melon  lice  can  be  controlled  by  spraying  with  a com- 

mercial preparation  of  nicotine  sulphate  known  as  i i Black  Leaf  40.  ’ ’ The 
applications  may  be  made  effectively  with  a barrel  pump,  equipped  with  lead 
of  hose,  bamboo  rod,  and  nozzle  wfith  bent  shank  and  fine  cap.  Page  324 

5.  A solution  of  ‘ ‘ Black  Leaf  40  ’ 1 as  strong  as  one  part  to  250  of  water 

will  not  injure  melon  foliage,  but  a l-to-500  solution  is  as  effective  against  the 
lice  and  is  recommended  when  particularly  quick  results  are  desired.  A l-to-1000 
solution  is  practically  as  efficient  and  is  recommended  for  use  in  commercial 
operations.  Page  326 

6.  With  proper  equipment  and  thoro  application,  it  is  possible  to  kill  prac- 

tically every  melon  louse  on  the  vines.  The  material  appears  to  be  so  destructive 
to  the  lice  that  the  finest  mist,  coming  in  contact  with  their  bodies,  is  capable 
of  killing  them.  Page  328 

7.  When  the  vines  are  of  medium  size,  about  200  gallons  of  solution  are 

required  for  spraying  an  acre  of  “ rowed’ ’ melons.  Allowing  a l-to-1000  solution, 
the  ‘ ‘ Black  Leaf  40  ’ ’ for  this  amount  would  cost  $2.50.  Page  330 

8.  Whale-oil  soap  and  tobacco  decoction  are  fairly  efficient  for  controlling 

melon  lice  if  applied  repeatedly,  but  do  not  compare  with  1 ‘ Black  Leaf  40 , ’ in 
effectiveness  or  in  the  ease  with  which  they  may  be  prepared.  Page  331 

9.  In  the  tests  at  this  station,  fumigation  with  carbon  bisulphide  did  not 

prove  to  be  an  efficient  or  practicable  method  for  controlling  attacks  of  melon 
lice.  Page  332 

10.  Kerosene  emulsion  cannot  be  used  with  safety  for  spraying  muskmelons 

and  cucumbers.  Page  332 

11.  Home-made  lime-sulfur  solution  injures  melon  foliage  when  used  as 

weak  as  1 part  to  40  of  water,  and  does  not  control  the  lice  when  used  as 
strong  as  1 part  to  20  of  water.  Page  333 

12.  Recommendations.  Page  334 


AN  EFFICIENT  AND  PRACTICABLE  METHOD 
FOR  CONTROLLING  MELON  LICE 


By  C.  E.  DURST,  Associate  in  Olericulture 
INTRODUCTION 

Muskmelons  have  occupied  a prominent  place  in  the  vegetable 
tests  of  the  Illinois  Agricultural  Experiment  Station  for  the  last 
twelve  years.  During  that  time  considerable  experience  has  been 
gained  in  combating  the  melon  louse  ( Aphis  Gossypii  Glover),  an 
insect  which  is  often  extremely  destructive  to  this  crop,  as  well  as  to 
cucumbers  and  watermelons  and,  in  a lesser  degree,  to  other  cucur- 
bitaceae.1  The  principal  materials  and  methods  formerly  recom- 
mended for  the  control  of  this  insect  have  been  employed  from  time  to 
time,  but  none  of  them  has  proved  satisfactory  in  the  case  of  a severe 
attack.  Besides  being  unsatisfactory,  some  of  them  were  found  to  be 
impracticable  for  use  under  certain  conditions  of  vine  growth. 

During  the  season  of  1910,  a commercial  preparation  of  nicotine 
sulphate,  known  as  ‘ ‘ Black  Leaf  40,  ’ ’2  was  tested  at  the  experimental 
plantation  at  Anna,  Union  county,  Illinois,  and  gave  promising  re- 
sults. Subsequent  tests  have  shown  it  to  be  far  more  efficient  for 
combating  melon  lice  than  any  other  material  with  which  this  station 
has  had  experience.  It  has  further  been  found  that  a barrel  pump, 
properly  equipped,  may  be  successfully  used  for  the  application  of 
this  material  under  any  field  conditions  which  may  arise,  thus  render- 
ing laborious  hand  methods  unnecessary  and  reducing  the  treatment 
for  serious  attacks  of  this  insect  to  a practicable  basis. 

The  details  of  these  tests,  together  with  a resume  of  several  other 
methods  and  materials  tested  on  various  occasions,  are  presented  in 
the  following  pages. 

1 Other  plants  infested  by  this  aphis  (Chittenden,  F.  H.,  U.  S.  Bur.  Ent.  Cir. 
80,  November,  1906)  are  cotton,  okra,  orange  and  other  citrus  fruits,  strawberry, 
purslane,  clover,  bean,  beet,  spinach,  tomato,  hop,  pear,  and  a number  of  orna- 
mental plants  and  common  weeds. 

2 ‘ ‘ Black  Leaf  40  ’ ’ is  a concentrated  solution  of  nicotine  sulphate  containing 
40  percent  of  nicotine,  manufactured  by  the  Kentucky  Tobacco  Product  Company, 
Louisville,  Kentucky. 
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HABITS  AND  NATURE  OF  ATTACK  OF  THE  MELON 

LOUSE 

The  melon  louse  obtains  its  subsistence  by  sucking  the  juices  from 
the  host  plant,  drawing  them  out  by  means  of  its  beak,  which  it  in- 
serts in  the  tissues.  It  has  a tender  body  and  cannot  withstand  ex- 
posure to  direct  sunlight;  hence  it  lives  mainly  on  the  undersurfaces 
of  the  leaves.  The  insect  may,  however,  attack  the  upper  surfaces 
with  equal  severity  when  those  parts  are  shaded. 

An  attack  of  melon  lice  commonly  begins  on  a single  hill,  or  on 
a few  hills  scattered  over  a patch.  Occasionally,  infestation  is  more 
or  less  general  from  the  start.  Sometimes  the  attack  begins  while  the 
plants  are  yet  small,  but  more  often  about  the  time  the  weather  is 
becoming  warm  and  the  vines  have  begun  to  run.  Occasionally,  how- 
ever, the  attack  does  not  become  severe  until  comparatively  late  in  the 
season;  for  instance,  in  1912  the  lice  did  not  become  abundant  in 
Union  county  until  the  latter  part  of  August,  when  the  picking  sea- 
son was  drawing  to  a close. 

The  extraction  of  vital  juices  from  the  plants  weakens  them,  and 
the  crop  is  reduced  both  in  quantity  and  quality.  The  first  visible 
effect  is  a curling  downward  of  the  edges  of  the  leaves.  When  an 
attack  is  allowed  to  proceed  unchecked,  a condition  is  soon  reached 
like  that  shown  in  Fig.  1.  The  insects  multiply  with  great  rapidity 
under  favorable  weather  conditions,  and  often  within  a week  or  ten 
days  after  the  first  notice  of  infestation  they  have  spread  over  a large 
area  and  caused  irreparable  damage.  In  the  case  of  a severe  attack, 
especially  in  dry  weather,  the  plants  may  be  killed  outright. 

Because  of  its  habit  of  obtaining  food  by  sucking  the  juices  of 
the  plant,  the  melon  louse  is  not  affected  in  the  least  by  the  poisonous 
substances  that  would  be  quickly  fatal  to  chewing  insects.  The  most 
practicable  method  of  combating  it  is  to  bring  into  touch  with  its 
body  some  material  that  is  capable  of  killing  by  contact.  The  tender 
body  of  the  insect  renders  it  readily  susceptible  to  such  treatment. 
The  material  used,  besides  being  capable  of  destroying  the  insect, 
must  be  one  that  will  not  injure  the  foliage.  These  circumstances, 
combined  with  the  fact  that  the  insect  lives  chiefly  on  the  undersur- 
faces of  the  leaves,  which  are  not  easily  reached  with  a spray,  make 
it  a most  difficult  matter  to  combat  a severe  attack  successfully. 

It  is  a practice  of  many  growers  to  watch  closely  for  the  first 
infested  hills,  and  to  treat  the  lice  there  as  soon  as  discovered.  The 
chief  methods  of  doing  this  are  by  burying  the  infested  vines,  by  burn- 
ing straw  over  the  hills,  by  spraying  thoroly  with  a contact  insecticide, 
or  by  dusting  the  plants  with  fine  tobacco  powder  or  pyrethrum. 
These  practices,  coupled  with  the  work  of  the  ladybird  beetles  (Coc- 
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Fig.  1. — Melon  Hill  Showing  an  Advanced  Stage  of  Attack  by  Melon  Lice 
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cinellidae),1  which  are  the  chief  predaceous  insect  enemies  of  the 
melon  louse,  often  suffice  to  control  an  attack  and  are  certainly  to  be 
recommended.  However,  it  is  a matter  of  experience  reported  by 
practical  growers,  and  it  has  been  observed  at  this  station,  that  in  a 
season  favorable  for  rapid  multiplication  of  the  lice,  they  eventually 
spread  over  the  patch  in  spite  of  all  precautionary  single-hill  treat- 
ments and  the  work  of  the  ladybird  beetles  combined. 


SPRAYING  WITH  “BLACK  LEAF  40” 

Tests  in  1910  and  1911 

“Black  Leaf  40”  was  tested  by  this  station  for  the  first  time  at 
Anna,  Union  county,  in  1910.  Other  methods  of  combating  the  lice 
on  individual  hills  having  been  employed  with  indifferent  success, 
solutions  of  this  material  were  applied  to  infested  plants  by  means  of 
an  atomizer.  As  is  usual  in  handling  this  apparatus,  it  was  necessary 
for  one  person  to  turn  the  vines  while  another  directed  the  spray. 
Two  strengths  of  material  were  used:  1 part  in  250  parts  of  water, 
and  1 part  in  500  of  water.  Both  solutions  were  noticeably  effective 
against  the  lice  and  did  not  injure  the  foliage.  Altho  this  treatment 
served  to  hold  the  insects  in  check,  it  was  impossible,  on  account  of 
the  inadequacy  of  the  equipment  used,  to  exterminate  them  as  thoroly 
as  was  desired.  The  material  gave  such  satisfactory  results,  however, 
that  it  was  decided  to  give  it  further  trial  another  season. 

In  1911  the  lice  appeared  at  Anna  early  in  the  season  on  a num- 
ber of  hills  scattered  at  intervals  over  the  patch.  Such  hills,  as  soon 
as  discovered,  were  buried  if  found  badly  infested,  and  if  only  moder- 
ately so,  were  sprayed  with  “Black  Leaf  40,”  1 part  to  250  parts  of 
water.  An  atomizer  was  again  used  for  making  the  application.  These 
methods,  combined  with  the  work  of  the  ladybird  beetles,  which  were 
fairly  abundant,  sufficed  to  hold  the  lice  in  control  for  a time.  How- 
ever, on  July  10  they  were  found  scattered  over  the  entire  melon 
plantation.  The  weather  was  warm  and  the  soil  was  fairly  moist.2 
The  vines  were  growing  rapidly  and  were  full  of  sap.  Under  these 
conditions  the  lice  multiplied  very  rapidly,  and  it  was  apparent  that 

1 There  are  several  species  of  this  family,  nearly  all  of  which  eat  melon  lice. 

2 From  July  1 to  10  the  maximum  and  minimum  temperatures  were  as  follows: 


Max. 

Min. 

Max. 

Min. 

July  1 

66 

July  6 ... 

75 

July  2 

102 

68 

July  7 

98 

72 

July  3 

106 

74 

July  8 

92 

73.5 

July  4 

106.5 

76 

July  9 

94 

74 

July  5 

99 

76 

July  10 — 

74 

There  was  a rain  of  0.38  inch  June  24  and  a light  shower  July  4. 
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more  heroic  and  practicable  methods  than  the  single-hill  treatments 
would  have  to  be  employed  if  the  melons  were  to  be  saved.  Accord- 
ingly, on  July  13  a barrel  pump  was  rigged  out  with  a lead  of  hose, 
bamboo  rod,  and  single  vermorel  nozzle  with  bent  shank  and  fine  cap ; 
and  the  entire  plantation  was  sprayed  with  “ Black  Leaf  40,”  1 part 
to  300  of  water.1  The  spraying  outfit  was  drawn  thru  the  patch  on  a 
stone  boat.  In  applying  the  spray,  high  pressure  was  used  and  the 
nozzle  was  worked  under  and  between  the  leaves  so  as  to  cover  the 
vines  as  thoroly  as  possible.  The  vines  had  been  “rowed”2  for  cuL 


Fig.  2. — Melon  Vines  Which  Have  Been  ‘‘Rowed”  for  Cultivation  are  More 
Easily  Treated  for  Lice 


tivation,  as  shown  in  Fig.  2,  so  that  it  was  not  so  difficult  to  do  this  as 
would  have  been  the  case  if  no  training  had  been  done.3 

The  day  after  the  spraying,  scarcely  a live  louse  could  be  found. 
Even  on  the  leaves  so  situated  that  it  seemed  unreasonable  to  suppose 
that  the  spray  had  reached  the  lice,  a diligent  search  was  required  to 
find  any  surviving  insects.  Coincident  with  the  death  of  the  lice,  the 
large  black  ants  which  had  accompanied  them  also  disappeared. 


1 The  preparation  of  this  solution  is  very  simple,  it  being  only  necessary  to 
measure  out  the  desired  amount  of  the  material  and  mix  it  with  the  water. 

2 ‘ 1 Rowing  ’ ’ consists  simply  in  turning  the  vines  during  the  growing  season, 
so  that  they  will  run  in  the  direction  of  the  rows.  Two  or  three  trainings  are 
necessary  during  a season  to  keep  the  vines  within  bounds. 

3 At  the  time  the  spraying  was  done,  the  vines  from  adjacent  hills  had  become 
well  entangled  and  the  first  fruits  were  ripening. 
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The  spray  proved  so  effective  against  the  lice  that  it  was  decided 
to  submit  it  to  further  tests  as  soon  as  opportunity  afforded,  and 
among  other  things,  to  determine  the  most  desirable  strength  to  use ; 
but  the  lice  did  not  appear  again  at  Anna  during  the  season  in  suffi- 
cient numbers  to  permit  such  tests. 

At  Urbana  in  1911,  the  same  results  were  secured  as  at  Anna. 
The  lice  became  very  abundant  during  the  latter  part  of  August,  at 
which  time  some  of  the  melons  were  ripening.  The  area  devoted  to 
melons  was  not  large  enough  to  test  adequately  different  strengths  of 
the  material ; so  all  the  vines  were  sprayed  with  a solution  containing 
1 part  of  “Black  Leaf  40”  in  300  of  water,  the  applications  being 
made  in  the  same  way  as  at  Anna.  Examination  two  days  after  spray- 
ing showed  practically  all  the  lice  to  be  dead,  and  the  insects  did  not 
reappear  in  sufficient  numbers  to  be  of  any  consequence. 

Tests  in  1912 

At  Anna  in  1912  lice  appeared  during  early  July  on  a number  of 
hills  scattered  over  the  area  devoted  to  melons,  but  disappeared  for 
the  time  being.1  A period  of  cool  weather  began  July  17  and  con- 
tinued almost  unbroken  until  August  15.  It  appeared  that  this  cool 
weather  prevented  the  lice  from  multiplying  rapidly,  so  that  the  lady- 
bird beetles,  which  were  fairly  numerous,  were  able  to  take  care  of 
them.  With  the  return  of  warm  weather,  however,  the  lice  reappeared 
and  soon  wrere  found  to  be  very  abundant. 

At  this  time  the  picking  season  was  nearing  its  close,  and  while 
it  was  unnecessary  to  treat  the  lice  so  far  as  the  crop  was  concerned, 
it  was  decided  to  take  advantage  of  the  opportunity  to  make  a test  of 
various  strengths  of  “Black  Leaf  40.”  In  fact,  it  seemed  an  ideal 
time  for  putting  the  material  to  a rigid  test,  for  the  vines  had  at- 
tained their  full  growth,  and  the  leaves  were  more  or  less  worn  with 
age.  These  circumstances  combined  to  make  the  foliage,  especially 
near  the  middle  of  the  rows,  less  accessible  to  a spray  than  is  ordina- 
rily the  case  at  the  time  treatment  for  lice  is  necessary.  As  a whole, 
the  vines  and  foliage  were  yet  in  very  excellent  condition,  considering 
their  age. 

On  August  21  plats  of  equal  size  were  sprayed  with  different 
strengths  of  “Black  Leaf  40,”  as  follows: 

1 part  in  300  of  water 
1 part  in  500  of  water 
1 part  in  600  of  water 
1 part  in  800  of  water 
1 part  in  1000  of  water 

The  applications  were  made  between  1 and  3 p.  m.,  with  the  same 
equipment  and  in  the  same  manner  as  in  1911.  During  the  night 


1 No  attempt  had  been  made  to  combat  the  lice  on  individual  hills. 
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following  the  application,  there  was  a dashing  rain  amounting  to  0.8 
inch. 

Examination  on  August  23,  two  days  after  the  spraying,  showed 
the  following  results : The  l-to-300,  l-to-500,  and  l-to-600  solutions  of 
“Black  Leaf  40”  appeared  to  be  equally  effective  in  destroying  the 
lice.  None  of  these  strengths  injured  the  foliage,  and  all  of  them 
killed  practically  every  insect  on  the  plants,  even  on  the  leaves  so 
curled  or  so  situated  in  the  centers  of  the  hills  that  the  lice  on  them 
were  apparently  out  of  reach  of  the  spray.  The  l-to-700  and  weaker 
solutions  seemed  to  have  left  more  lice  on  the  foliage  not  well  exposed, 
varying  with  the  weakness  of  the  solution.  In  no  case,  however,  did 
it  appear  that  enough  of  the  insects  had  escaped  to  cause  a serious 
infestation  within  a reasonable  length  of  time.  On  well-exposed 
leaves,  the  lice  were  as  effectually  destroyed  by  the  weaker  solutions 
as  by  any. 

Further  examination  of  the  sprayed  plats  on  August  27  and  30 
showed  that  the  weaker  solutions  had  controlled  the  insects  much  bet- 
ter than  was  apparent  at  the  time  of  the  first  examination.  Not 
enough  lice  could  be  found,  even  on  the  plat  sprayed  with  1 part 
“Black  Leaf  40”  in  1000  parts  of  water,  to  be  of  any  practical  signifi- 
cance. No  harm  had  resulted  to  the  foliage  from  the  use  of  even  the 
strongest  solutions.  Examinations  of  unsprayed  plants  at  the  same 
time  showed  a great  number  of  lice  present  and  many  leaves  curled 
as  a result. 

In  order  to  make  further  tests  of  the  strength  of  “Black  Leaf 
40 ’ ’ required,  another  set  of  plats,  which  had  not  been  treated  before, 
was  sprayed  on  August  27.  The  applications  wTere  made  between  1 
and  3 p.  m.  The  day  was  bright  and  warm.  Many  melon  leaves  were 
much  curled  at  this  time  from  the  effects  of  the  lice.  The  strengths 
of  ‘ ‘ Black  Leaf  40  ’ ’ used  were  as  follows : 

1 part  in  400  of  water 
1 part  in  600  of  water 
1 part  in  800  of  water 
1 part  in  1000  of  water 
1 part  in  1200  of  water 

Examination  on  the  following  day  showed  that  practically  all 
the  lice  were  dead  on  the  plat  sprayed  with  the  l-to-400  solution. 
There  seemed  to  be  a few  more  lice  left  by  each  succeeding  weaker 
solution,  but  the  differences  were  so  slight  as  to  be  scarcely  recogniz- 
able on  contiguous  plats;  it  was  necessary  to  go  from  one  of  the 
weaker  to  one  of  the  stronger  solutions  to  observe  a noticeable  differ- 
ence. The  l-to-1000  strength  of  “Black  Leaf  40”  had  killed  nearly 
all  the  insects,  and  gave  every  indication  of  being  sufficiently  strong 
to  control  the  situation  well  enough  to  warrant  recommending  its  use 
in  commercial  practice.  The  l-to-1200  solution  at  this  time  appeared 
to  have  left  too  many  of  the  insects,  especially  on  leaves  not  well  ex- 
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posed,  to  warrant  advising  its  use.  Further  examination  on  August 
30  showed  very  few  lice  on  any  of  the  plats.  Apparently,  many  of 
the  insects  which  were  alive  at  the  time  of  the  previous  examination 
had  succumbed  during  the  three-day  interval.  So  few  lice  were  found 
at  this  time  on  the  plat  sprayed  with  the  l-to-1200  solution  that  this 
strength  appeared  capable  of  controlling  them.  As  in  the  previous 
test,  no  foliage  injury  had  resulted  from  the  use  of  any  of  the  solu- 
tions. On  unsprayed  plants,  the  lice  continued  to  be  abundant  and 
had  caused  serious  damage. 

Summary  of  Tests  with  “Black  Leaf  40’ ’ 

To  summarize  the  results  of  the  tests  with  various  strengths  of 
“Black  Leaf  40,”  it  may  be  stated  that  a solution  as  strong  as  1 part 
of  the  material  to  250  of  water  may  be  used  without  injury  to  melon 
foliage.  One  part  to  500  or  600  of  water  is  as  effective  against  the 
lice  and  is  recommended  for  use  when  particularly  quick  results  are 
desired.  A solution  containing  1 part  of  the  material  to  1000  of 
water  is  somewhat  slower  in  action,  but  from  a practical  viewpoint 
will  prove  as  effective  as  a stronger  solution.  In  the  tests  from  which 
these  conclusions  are  drawn,  a l-to-1000  solution  destroyed  practically 
all  the  lice  each  time  it  was  used,  and  gave  every  indication  of  being 
capable  of  controlling  serious  attacks  of  the  insects  well  enough  to 
warrant  recommending  its  use  in  commercial  practice.  In  view  of 
only  the  one  test  made  with  a solution  weaker  than  1 part  to  1000 
of  water,  even  tho  apparently  successful,  it  is  not  considered  feasible 
to  advise  a weaker  solution.  It  is  possible,  however,  that  further  tests 
may  prove  a weaker  solution  to  be  capable  of  controlling  the  lice  sat- 
isfactorily. 


Method  of  Application 

While  the  material  itself  and  its  proper  dilution  are  highly  im- 
portant matters  in  successfully  combating  melon  lice,  they  are  not 
more  important  than  the  method  of  application. 

In  the  first  place,  the  “Black  Leaf  40”  solution  must  come  into 
direct  contact  with  the  insects  if  they  are  to  be  destroyed.  When 
this  material  was  first  applied  with  the  barrel  outfit  in  1911,  it  was 
thought,  in  view  of  the  extremely  satisfactory  results  obtained,  that 
possibly  it  killed  by  its  fumes,  or  in  some  other  way  than  by  coming 
into  direct  contact  with  the  insects  at  the  time  of  application.  It  was 
not  supposed  that  the  spray  had  reached  the  undersurfaces  of  many 
of  the  leaves  lying  close  to  the  ground  or  near  the  center  of  the  hills, 
yet  the  lice  were  killed  on  practically  every  leaf  of  the  plants.  To 
make  a test  of  this  point,  a plat  was  sprayed  in  1912,  at  Anna,  merely 
over  the  tops  of  the  vines  with  a l-to-300  solution  of  “Black  Leaf  40.” 


1914] 


Controlling  Melon  Lice 


329 


This  treatment  did  not  kill  the  lice,  except  on  well-exposed  leaves, 
while  on  other  plats  sprayed  under  the  leaves  at  the  same  time,  they 
were  killed.  Evidently  this  material  must  come  into  direct  contact 
with  the  insects  if  it  is  to  destroy  them. 

The  above  circumstance  suggests  that  the  spray,  when  properly 
applied,  reaches  more  of  the  vine  than  would  ordinarily  be  supposed. 


Fig.  3. — Near  View  of  the  Undersurface  of  a Melon  Leaf  Badly  Infested 

with  Lice 

In  1912  the  plants  were  closely  examined  on  several  occasions  after 
applying  the  spray,  and  it  was  found  that  the  material  had  actually 
reached  the  undersurfaces  of  practically  every  leaf,  tho  in  many  cases 
it  was  present  only  in  very  fine  particles  scattered  over  the  surface, 
such  as  would  be  deposited  from  a mist.  When  the  method  of  appli- 
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cation  is  taken  into  account,  it  is  not  difficult  to  understand  why  this 
should  be  the  case.  The  vermorel  nozzle,  which  was  used  in  these 
tests,  throws  an  especially  fine  spray  near  the  nozzle  opening.  With 
the  very  fine  cap,  the  bent  shank,  the  high  pressure,  and  the  care 
taken  in  applying  the  material,  it  may  be  readily  understood  why  it 
was  possible  to  reach  the  undersurfaces  of  practically  every  leaf  on 
the  plants. 

Many  melon  growers  have  been  of  the  opinion  that  it  is  not  feas- 
ible to  control  a serious  attack  of  lice  because  of  the  impracticability 
of  reaching  the  insects  with  the  spray,  but  in  view  of  the  results  ob- 
tained at  this  station  with  “ Black  Leaf  40,”  it  appears  that  the  diffi- 
culty had  been  due  to  ineffectiveness  on  the  part  of  the  materials  used 
rather  than  to  the  impossibility  of  thoro  application.  With  the  proper 
equipment  and  the  exercise  of  care  in  applying  the  spray,  it  is  pos- 
sible, without  very  much  trouble,  to  reach  practically  every  part  of 
the  plants.  “Black  Leaf  40”  is  apparently  so  destructive  to  the  lice 
that  the  finest  mist  made  by  the  nozzle,  coming  in  contact  with  their 
bodies,  is  capable  of  killing  them. 

Amount  of  Material  Required 

In  order  to  determine  how  much  “Black  Leaf  40”  would  be  re- 
quired to  spray  a given  area,  an  observation  was  made  at  Anna  on 
August  27,  1912,  regarding  the  amount  of  liquid  needed  to  spray  an 
area  amounting  to  one-eleventh  of  an  acre.  The  application  was 
made  with  the  same  equipment  and  in  the  same  manner  as  that  pre- 
viously described.  Eighteen  gallons  of  solution  were  required  to  cover 
the  vines  properly.  This  is  at  the  rate  of  198,  or  practically  200,  gal- 
lons per  acre.1 

The  vines  sprayed  in  this  test  had  attained  only  a moderate  size 
during  the  season,  and  more  material  would  undoubtedly  be  required 
when  growth  is  heavy.  Also,  on  account  of  the  vines  being  “rowed,” 
less  material  was  necessary  than  would  otherwise  have  been  the  case. 
On  the  other  hand,  it  should  be  remembered  that  these  vines  had  at- 
tained their  full  seasonal  growth,  and  that  for  spraying  early  in  the 
season,  when  the  vines  are  not  fully  developed,  less  material  would 
be  required. 


Cost  of  Spraying  with  “Black  Leaf  40” 

“Black  Leaf  40”  is  sold  in  cans  of  various  sizes,  at  the  prices 


indicated  below: 

10*4  pounds  $12.50 

214  pounds  3.25 

V<2.  pound 85 


The  material  has  a specific  gravity  of  1.20  to  1.24,  varying  some- 

1 Incidentally,  it  may  be  said  that  a l-to-500  solution  was  used,  and  that  the 
lice  were  effectually  destroyed. 
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what  with  the  amount  of  inert  substances  present.  A gallon  usually 
weighs  a little  more  than  ten  pounds.  Thus,  it  will  be  seen  that  the 
101/2-pound  can  contains  approximately  one  gallon  of  material.  There- 
fore, allowing  for  a l-to-1000  solution  and  using  200  gallons  per  acre, 
the  material  required  for  spraying  an  acre  of  melons  for  melon  lice 
would  cdst  $2.50.  The  expense  will  vary  from  this,  of  course,  with 
the  size  of  the  vines  and  the  method  of  training,  but  it  is  safe  to  regard 
this  amount  as  being  somewhere  near  the  correct  figure. 

TEST  OF  OTHER  MATERIALS 

As  stated  in  the  introduction,  other  materials  besides  “Black 
Leaf  40”  have  been  tested  from  time  to  time.  Whale-oil  soap'  was 
employed  on  various  occasions  previous  to  the  season  of  1909.  Fumi- 
gation with  carbon  bisulphide  was  given  a thoro  trial  in  1909.  Lime- 
sulfur  solution  was  tested  in  1912.  Kerosene  emulsion  and  tobacco 
decoction,  while  not  used  by  the  Station  for  combating  melon  lice, 
have  been  used  by  the  author  in  commercial  work.  A brief  account 
of  the  facts  revealed  in  the  tests  with  these  materials  is  presented  in 
the  following  pages. 


Whale-Oil  Soap  Solution 

Whale-oil  soap  has  been  employed  on  a number  of  occasions  at 
this  station  for  combating  melon  lice,  dating  back  to  1901,  but  it  has 
never  proved  more  than  partially  effective  in  controlling  them.  Two 
strengths  of  solution  have  been  used ; 1 pound  of  the  soap  to  8 gallons 
of  water,  and  1 pound  to  6 gallons  of  water.  The  former  strength  has 
been  found  only  fairly  satisfactory.  It  was  always  necessary  when 
there  was  a severe  attack  of  the  lice  to  apply  the  spray  repeatedly  to 
hold  them  in  check.  The  stronger  solution  was  found  somewhat  more 
effective,  but  injured  melon  and  cucumber  foliage  under  seme  weather 
conditions. 

In  addition  to  being  only  fairly  efficient,  whale-oil  soap  solution 
is  not  easily  prepared.  The  quickest  way  to  make  the  solution  is  to 
cut  the  soap  into  thin  slices  and  dissolve  it  in  boiling  water,  at  the 
rate  of  about  a pound  to  a gallon  of  water.  This  is  what  is  called  a 
stock  solution,  and  may  be  prepared  in  advance.  When  it  is  desired 
to  make  the  application,  this  stock  solution  is  diluted  with  the  quan- 
tity of  water  necessary  to  make  a solution  of  the  desired  strength. 
Thus,  it  will  be  seen  that  the  preparation  of  whale-oil  soap  solution  is 
not  a small  task.  Incidentally,  it  is  also  a somewhat  disagreeable  task, 
at  least  to  some  persons,  on  account  of  the  unpleasant  odor  of  the  soap. 
Compared  with  “Black  Leaf  40,”  whale-oil  soap  is  not  only  much 
less  easily  prepared,  but  it  is  far  less  effective  in  controlling  the  lice. 
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Fumigation  With  Carbon  Bisulfhide 

Considerable  has  been  written  during  recent  years  in  regard  to 
fumigating  individual  plants  for  lice  with  poisonous  gases.  The  ma- 
terials commonly  suggested  for  this  purpose  are  carbon  bisulphide, 
hydrocyanic  acid  gas,  and  various  tobacco  preparations. 

Tests  with  carbon  bisulphide  for  the  control  of  melon  lice  were 
conducted  at  Anna  during  the  season  of  1909.  The  literature  on  the 
subject  was  first  reviewed  fully,  and  in  making  the  tests  the  recom- 
mended amounts,  and  also  larger  and  smaller  amounts,  were  used. 
Each  amount  was  used  for  the  recommended  length  of  time  and  also 
foi  longer  and  shorter  periods.  For  covering  the  plants,  butter  tubs 
were  used.  In  all  cases  where  any  appreciable  number  of  the  lice 
were  killed,  the  plants  were  more  or  less  injured.  In  every  case 
where  the  plants  survived  the  treatment,  many  of  the  insects  also 
survived. 

Besides  proving  inefficient,  several  practical  difficulties  were  en- 
countered during  the  course  of  the  tests  which  showed  fumigation 
methods  to  be  impracticable  for  use  under  some  conditions  which  pre- 
sent themselves  in  a melon  patch.  The  plants  may  be  covered  readily 
while  small,  but  after  they  have  begun  to  spread,  the  vines  must  be 
handled  more  or  less  roughly  to  bring  them  within  the  limits  of  the 
covers,  which  operation  is  always  attended  with  more  or  less  damage. 
Furthermore,  it  is  often  found  necessary  to  treat  melon  and  cucumber 
vines  for  lice  after  they  have  reached  full  size.  Covering  under  such 
conditions  is  altogether  impracticable.  In  addition  to  this  difficulty, 
fumigation  was  found  to  be  a slow  and  tedious  process  in  the  field. 
Another  minor  objection  is  that  the  fumes  of  carbon  bisulphide  are 
somewhat  poisonous  and  very  inflammable.  The  operator  must  not 
smoke  while  using  carbon  bisulphide.  From  the  tests  made,  it  was 
concluded  that  fumigation  with  carbon  bisulphide  is  not  an  efficient  or 
practicable  method  for  controlling  melon  lice.1 

Tobacco  Decoction  and  Kerosene  Emulsion 

These  two  materials,  while  not  tested  by  the  Experiment  Station 
for  controlling  lice  on  melons  or  cucumbers,  have  been  used  by  the 
writer  in  commercial  work.  Tobacco  decoction,  made  by  boiling  vari- 


1 Hydrocyanic  acid  gas,  while  not  used  by  this  station  for  combating  melon 
lice,  would  undoubtedly  meet  with  the  same  practical  disadvantages,  and  in  addi- 
tion would  be  particularly  objectionable  because  of  its  extremely  deadly  nature. 
Fumigation  tests  with  various  tobacco  extracts,  prepared  papers,  and  tobacco 
smoke  have  been  reported  from  several  sources  as  giving  satisfaction.  While 
these  materials  may  undoubtedly  be  employed  with  greater  personal  safety  and 
less  danger  of  injury  to  foliage  than  carbon  bisulphide  or  hydrocyanic  acid  gas, 
their  use  is  without  a doubt  beset  by  the  same  practical  disadvantages. 
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ous  tobacco  materials  in  water,  was  found  to  be  fairly  effective,  but 
it  had  to  be  applied  repeatedly  in  order  to  hold  the  lice  in  check.  It 
appeared  to  be  somewhat  more  efficient  than  whale-oil  soap  solution 
for  controlling  the  insects,  but  the  results  obtained  from  its  use  have 
no  comparison  with  those  derived  at  this  station  from  the  use  of  ‘ ‘ Black 
Leaf  40.  ” Besides  being  incapable  of  holding  severe  attacks  of  the 
lice  in  check  without  repeated  application,  tobacco  decoction  is  incon- 
venient to  make,  and  its  strength  is  always  more  or  less  uncertain 
because  of  the  variation  in  the  strength  of  tobacco  materials  used  in 
its  preparation. 

Kerosene  emulsion  was  used  on  several  occasions,  but  at  no  time 
did  it  prove  satisfactory  for  treating  melon  lice.  It  invariably  pro- 
duced serious  injury  to  the  foliage,  even  when  prepared  with  the  most 
extreme  care  and  according  to  the  most  approved  directions.  In  fact, 
it  seems  impossible,  under  practical  conditions,  to  so  make  this  mate- 
rial that  it  will  not  injure  melon  foliage.  In  the  opinion  of  the 
author,  kerosene  emulsion  is  altogether  unsuited  for  spraying  tender- 
foliaged  plants  like  muskmelons  and  cucumbers,  and  should  be  omitted 
from  the  many  spray  calendars  where  it  now  occurs  recommended  for 
that  purpose. 


Lime-Sulfur  Solution 

Lime-sulfur  solution  has  given  such  universal  satisfaction  as  a 
contact  insecticide  in  combating  scale  insects  that  it  was  thought  that 
possibly  a weak  solution  of  the  material,  such  as  is  used  for  the  sum- 
mer spraying  of  fruits,  might  be  used  with  effect  in  controlling  melon 
lice.  In  order  to  make  a test  of  its  qualities  for  this  purpose,  several 
plats  of  muskmelons  were  sprayed  at  Anna,  in  1912,  with  different 
strengths  of  solution.  Home-made  lime  sulfur  was  used,  each  gallon 
of  concentrated  material  containing  11/2  pounds  of  sulfur.  On  August 
26  plats  of  equal  size  were  sprayed  with  the  following  strengths  of 
solution : 

1 part  in  20  parts  of  water 
1 part  in  25  parts  of  water 
1 part  in  30  parts  of  water 
1 part  in  35  parts  of  water 
1 part  in  40  parts  of  water 

The  same  equipment  and  the  same  method  of  application  were  em- 
ployed as  are  described  in  connection  with  the  tests  with  ‘ ‘ Black  Leaf 
40.”  The  applications  were  made  between  1 and  3 p.  m.,  and  the 
day  was  bright  and  warm,  as  was  the  case  with  most  of  the  tests  with 
the  above  material. 

Examination  on  August  27,  the  day  following  the  applications, 
showed  that  fully  one-third  of  the  lice  were  still  alive  on  the  plat 
sprayed  with  the  l-to-20  solution,  and  that  on  all  the  plats  the  foliage 
had  been  badly  injured,  the  stronger  solutions  causing  the  greatest 
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damage.  In  view  of  these  tests,  it  was  concluded  that  lime-sulfur 
solution,  at  least  in  the  strengths  used,  cannot  be  employed  with 
safety  for  spraying  muskmelons,  and  that  even  tho  it  could,  it  would 
not  be  an  efficient  material  for  controlling  melon  lice. 

RECOMMENDATIONS 

This  experiment  station  has  had  more  or  less  experience  in  com- 
bating melon  lice  for  the  past  twelve  years.  During  that  time  a num- 
ber of  the  more  important  materials  recommended  for  the  control  of 
this  insect  have  been  used,  but  none  of  them  has  given  as  satisfactory 
results  as  a commercial  preparation  of  nicotine  sulphate,  known  as 
“Black  Leaf  40,’ ’ which  has  been  thoroly  tested  for  three  seasons. 

This  material  will  not  injure  the  melon  foliage  when  used  as 
strong  as  1 part  to  250  of  water.  One  part  to  500  or  600  of  water  is 
to  all  appearances  as  effective,  and  should  be  used  when  particularly 
quick  results  are  desired.  One  part  to  1000  of  water  will  prove  prac- 
tically as  effective,  and  is  recommended  for  use  in  commercial  prac- 
tice. 

In  the  tests  from  which  these  conclusions  are  drawn,  a barrel 
pump,  equipped  with  lead  of  hose,  bamboo  rod,  and  nozzle  with  bent 
shank  and  fine  cap  was  successfully  used  for  making  the  applications. 
Any  outfit  capable  of  throwing  a fine  spray  with  reasonable  force  may 
be  used  with  equal  success. 

The  type  of  nozzle  used  is  an  important  matter  in  treating  melon 
lice.  It  should  have  a bent  shank  so  that  the  undersurfaces  of  the 
leaves  may  be  reached;  and  it  should  have  a fine  cap  in  order  that 
the  material  may  be  distributed  as  a very  fine  mist.  A single  vermorel 
nozzle  will  be  found  better  adapted  to  this  purpose  than  some  other 
nozzles  for  the  reason  that  it  throws  a finer  mist  near  the  opening. 

In  applying  the  spray,  high  pressure  should  be  used  and  the 
nozzle  should  be  carefully  moved  about  under  and  between  the  leaves. 
With  due  care  in  handling  the  nozzle,  it  is  possible  to  reach  the  un- 
dersurfaces of  practically  every  leaf  on  the  plants.  “Black  Leaf  40” 
solution  is  apparently  so  destructive  to  the  lice  that  the  finest  mist, 
coming  in  contact  with  their  bodies,  is  capable  of  killing  them. 

It  will  be  found  easiest  to  apply  the  spray  to  melon  and  cucumber 
vines  that  have  been  “rowed.”  This  operation  consists  simply  in 
turning  the  shoots  during  the  growing  season  so  that  they  will  run  in 
the  direction  of  the  rows,  and,  as  described  in  a previous  publication1 
of  this  station,  is  highly  advisable  for  purposes  of  weed  killing  and 
moisture  retention.  It  is  feasible,  however,  to  treat  melon  vines  for 
lice  that  have  not  been  “rowed,”  tho  more  time  and  material  would 
be  required. 


1 Circular  No.  139. 
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EXPERIMENTS  IN  ONION  CULTURE 


By  JOHN  W.  IvL/OYD,  Chief  in  Olericulture 

The  Illinois  Agricultural  Experiment  Station  has  conducted  ex- 
periments in  onion  culture  on  the  Station  grounds  at  Urbana  for  six 
years.  The  chief  objects  of  the  experiments  have  been  to  determine: 

(1)  the  effect  of  time  of  planting  upon  the  yield  and  size  of  bulbs; 

(2)  the  relative  merits  of  thinning  and  of  not  thinning;  (3)  the  feas- 
ibility of  producing  ripe  onions  from  bottom  sets;  and  (4)  the  effect 
of  supplementing  manure  with  wood  ashes  as  a fertilizer  for  onions. 

METHOD  OF  CONDUCTING  THE  TESTS 

The  land  used  for  the  onion  experiments  was  part  of  the  area 
formerly  occupied  by  the  “Farmer’s  Vegetable  Garden”  reported  in 
Bulletin  No.  105 1 of  this  station.  The  soil  is  the  typical  upland  prairie 
soil  of  the  corn  belt,  technically  known  as  brown  silt  loam.  During 
the  five  years  from  1900  to  1904  inclusive,  when  the  half-acre  in  ques- 
tion was  used  as  a “farmer’s  garden,”  ninety-eight  loads  of  manure 
were  applied ; and  in  the  fall  of  1904,  thirty-six  loads  were  applied. 
The  land  was  used  in  1905  for  the  growing  of  carnations  and  other 
flowering  plants.  In  1906,  eight  loads  of  manure  were  applied  in 
the  spring  and  nineteen  loads  in  the  fall.  The  land  was  used  for 
growing  a general  assortment  of  early  vegetables  in  1906,  and  was 
plowed  late  in  the  fall  after  manuring.  Thus,  during  the  seven  years 
preceding  the  beginning  of  the  onion  experiments  in  1907,  the  land 
had  been  fertilized  with  manure  at  the  rate  of  322  loads  per  acre,  or 
an  average  of  forty-six  loads  per  acre  per  year.  It  had  also  been 
kept  relatively  free  from  weeds,  and  was  therefore  in  good  condition 
for  starting  the  onion  experiments. 

Each  year  during  the  progress  of  the  onion  experiments,  the  land 
was  given  a dressing  of  manure  in  the  fall  at  the  rate  of  approxi- 
mately thirty-six  tons  per  acre.  The  manure  was  usually  plowed  un- 
der late  in  the  fall,  and  the  land  was  allowed  to  lie  rough  in  the 
furrow  until  spring.  At  the  very  earliest  date  in  spring  that  it  was 
possible  to  work  the  ground  to  advantage,  the  land  was  thoroly  disked, 
and  harrowed  and  planked  repeatedly  until  a fine  seed  bed  was  pre- 
pared. It  was  then  laid  out  in  plats  one  rod  wide  and  four  rods  long. 


aNo  longer  available  for  distribution. 
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Each  plat  thus  consisted  of  exactly  one-fortieth  of  an  acre.  Sixteen 
rows  of  onions  were  planted  lengthwise  of  each  plat.  The  seed  was 
sown  by  means  of  a garden  seed  drill.  The  sets,  when  used,  were 
planted  by  hand  after  the  land  had  been  marked  off  with  a sled 
marker. 

The  growing  crop  was  invariably  given  good  care  thruout  the  sea- 
son. As  soon  as  the  seedlings  were  up  so  that  it  was  possible  to  dis- 
tinguish the  rows,  tillage  was  started.  Cultivation  with  wheel  hoes, 
equipped  with  various  attachments,  was  repeated  at  frequent  inter- 
vals until  the  plants  were  so  large  that  further  tillage  was  imprac- 
ticable. Hand  weeding  was  commenced  early  and  repeated  as  often 
as  was  necessary  in  order  to  keep  the  plantation  clean. 

A complete  record  was  kept  of  the  time  employed  in  each  opera- 
tion on  each  plat.  When  the  onions  were  harvested,  the  product  of 
each  plat  was  graded  and  weighed,  and  the  bulbs  were  counted.  The 
crop  was  then  sold  on  the  local  market.  Thus  the  cost  of  production, 
the  yield,  and  the  profits  for  each  plat  could  be  determined.  Except 
where  noted,  the  Southport  Yellow  Globe  was  the  variety  of  onion 
used  in  all  the  tests. 

EFFECT  OF  USING  WOOD  ASHES  IN  ADDITION  TO  MANURE 
AS  A FERTILIZER  FOR  ONIONS 

Since  it  is  generally  conceded  that  the  onion  requires  a large 
amount  of  potassium,  and  since  the  potassium  in  wood  ashes  is  in  a 
readily  available  form,  a test  was  made  to  determine  the  value  of 
ashes  for  the  onion  crop  on  land  of  the  type  in  question  that  had 
already  been  heavily  manured.  Each  year,  fifty  pounds  of  commer- 
cial unleached  hard- wood  ashes  were  applied  to  Plat  1.  This  was 
at  the  rate  of  one  ton  per  acre.  During  the  first  two  years  of  the 
test,  the  ashes  were  applied  as  a top  dressing  between  the  rows  of 
the  growing  crop  shortly  after  the  seedlings  had  appeared.  During 
the  other  four  years,  they  were  applied  broadcast  during  the  final 
fitting  of  the  land  immediately  preceding  the  sowing  of  the  seed. 
Plat  2 received  precisely  the  same  treatment  as  Plat  1 thruout  the 
season,  except  that  no  ashes  were  applied.  The  yields  of  onions  from 
these  two  plats,  calculated  to  the  acre  basis,  are  given  in  Table  1. 


Table  1. — Yields  of  Onions,  With  and  Without  Ashes 
(Bushels  per  acre) 


Plat 

Treatment 

1907 

1908 

1909 

1910 

1911 

1912 

Aver- 

age 

1 

2 

Manure  and  vood  ashes.  . 
Manure  alone  

540.17 

413.46 

308.94 

312.81 

466.59 

456.91 

369.82 

307.66 

103.86 

89.06 

522.11 

494.56 

385.25 

345.74 

Difference  in  favor  of 
ashes  

126.71 

3.87 

9.68 

62.16 

14.80 

27.55 

39.51 
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These  figures  show  that  in  five  of  the  six  years  the  plat  treated 
with  ashes  in  addition  to  manure  outyielded  the  plat  treated  with 
manure  alone,  and  that  the  average  increase  in  yield  per  year  evi- 
dently due  to  the  use  of  the  ashes  was  39.51  bushels  per  acre. 

The  ashes  used  were  purchased  in  Chicago  at  $8.00  per  ton.  The 
cost  of  freight,  handling,  and  application  was  $4.75  per  ton,  thus 
making  the  cost  of  the  ashes  treatment  $12.75  per  acre,  since  one  ton 
per  acre  was  the  amount  used.  The  onions  were  sold  at  market  price 
soon  after  the  harvest.  The  value  of  the  crop  from  the  plat  treated 
with  manure  alone,  and  the  value  of  the  crop  from  the  plat  treated 
with  manure  and  ashes  minus  the  cost  of  the  ashes,  are  given  on  the 
acre  basis  in  Table  2. 


Table  2. — Net  Value  of  Onion  Crop  per  Acre,  With  and  Without  Ashes 


Plat 

Treatment 

1907 

1908 

1909 

1910 

1911 

1912 

Aver- 

age 

1 

Manure  and 
wood  ashes.  . 

$392.38 

$200.54 

$336.01 

$281.44 

$58.13 

$299.78 

$261.38 

2 

Manure  alone.  . 

310.10 

212.77 

341.65 

242.91 

60.13 

295.95 

243.92 

Profit 

for  ashes 

$82.28 

$-12.23 

$-5.64 

$38.53 

$-2.00 

$ 3.83 

$17.46 

It  will  be  seen  that  altho  the  yield  was  increased  five  years  of  the 
six  by  the  use  of  the  ashes,  the  net  value  of  the  increase  was  suffi- 
cient to  make  their  use  profitable  only  three  years  of  the  six.  The 
average  for  the  six  years,  however,  shows  that  the  use  of  the  ashes 
resulted  in  a net  profit  of  $17.46  per  acre  per  year,  if  no  account  is 
taken  of  the  slight  differences  in  the  cost  of  harvesting  the  different 
crops. 

INFLUENCE  OF  TIME  OF  PLANTING  UPON  YIELDS  AND 

PROFITS 

Directions  for  the  culture  of  onions  usually  specify  that  the  seed 
should  be  sown  as  early  in  the  spring  as  the  ground  can  be  worked. 
This  date  varies  from  year  to  year  in  the  same  locality,  and  is  es- 
pecially variable  where  the  soil  is  of  such  a nature  that  it  does  not 
quickly  become  workable  after  being  thoroly  wet.  However,  in  four 
years  of  the  six  during  which  the  onion  tests  have  been  in  progress, 
it  has  been  possible  to  prepare  the  soil  at  Urbana  and  sow  the  seed 
between  the  20th  and  26th  of  March.  In  the  other  two  years,  plant- 
ing was  delayed  until  April  1 and  11,  respectively,  by  reason  of  the 
soil  being  wet. 

In  order  to  make  a thoro  test  of  the  influence  of  the  time  of  plant- 
ing upon  the  yield  of  onions,  one  planting  was  made  each  year  at 
the  very  earliest  date  that  it  was  possible  to  prepare  a good  seed  bed, 
and  subsequent  plantings  were  made  at  intervals  of  as  near  fourteen 
days  as  the  soil  conditions  would  permit.  In  1907,  1908,  1909,  and 
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1910,  four  plantings  were  made  each  year,  and  in  1911  and  1912, 
three  plantings.  The  plats  for  the  entire  series  of  onion  experiments 
were  treated  alike  when  being  fitted  for  the  earliest  planting.  Areas 
to  be  occupied  by  later  plantings  were  harrowed  or  otherwise  culti- 
vated at  intervals  so  that  the  soil  would  retain  moisture,  and  the 
growth  of  weeds  would  be  prevented,  until  the  plats  were  needed  for 
planting.  The  actual  dates  of  the  different  plantings  each  year  are 
given  in  Table  3. 


Table  3. — Dates  of  Planting  the  Onions 


Plat 

1907 

1908 

1909 

1910 

1911 

1912 

Aver- 

age 

date 

2 

Earliest 
planting  . 

Mar.  20 

Mar.  26 

Apr.  1 

Mar.  22 

Mar.  22 

Apr.  11 

Mar.  27 

7 

Second  planting 

Apr.  3 

Apr.  13 

Apr.  16 

Apr.  2 

Apr.  17 

Apr.  25 

Apr.  13 

8 

Third  planting. 

Apr.  17 

May  2 

May  3 

Apr.  20 

Apr.  26 

May  9 

Apr.  28 

9 

Fourth  planting 

May  2 

May  20 

May  15 

May  5 

May  11 

The  onions  from  the  earliest  planting  usually  continued  growing 
almost  as  late  as  those  from  the  second  planting,  and  sometimes  fully 
as  late.  For  the  six  years,  the  growing  period  averaged  13  days 
longer  for  the  earliest  planting  than  for  the  second,  and  11  days 
longer  for  the  second  than  for  the  third.  The  actual  dates  of  har- 
vesting the  onions  from  the  various  plantings  each  year  are  given  in 
Table  4,  together  with  the  length  of  the  growing  period  for  each  plant- 
ing. It  will  be  seen  that,  in  general,  the  period  of  growth  decreased 
as  the  date  of  planting  was  deferred. 

Yields 

That  the  shortening  of  the  growing  period  by  reason  of  late  plant- 
ing had  a decidedly  unfavorable  influence  on  yield  is  clearly  shown 
in  Table  5,  which  gives  the  yields,  in  bushels  per  acre,  from  the  dif- 
ferent plantings  each  year.  It  will  be  seen  that  every  year  that  the 
fourth  planting  was  tested,  it  gave  a smaller  total  yield  than  the 
third  planting;  that  in  every  year  except  1907,  the  third  planting 
gave  a smaller  yield  than  the  second;  and  that  in  three  years  of  the 
six,  the  second  planting  gave  a smaller  yield  than  the  first.  The 
smaller  yield  from  the  first  planting  in  1907  was  plainly  due  to  a 
poor  stand  resulting  from  too  thin  seeding.  In  average  yield  for 
the  six  years,  the  first  planting  was  clearly  superior  to  the  second 
and  the  second  far  superior  to  the  third.  The  fourth  planting  was 
made  only  four  years  of  the  six,  but  each  of  these  years  it  resulted 
in  a lower  yield  than  the  third  planting.  Thus  there  appears  to  be 
a fairly  close  relation  between  the  time  of  planting  and  the  yield  of 
onions. 


Table  4. — Dates  of  Harvesting  Onions,  and  Number  of  Days  Required  for  Growth  of  Crop 
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Size  of  Bulbs 

Another  feature  brought  out  by  Table  5 is  the  larger  proportion 
of  small  onions  in  the  crops  from  the  later  plantings.  This  is  es- 
pecially pronounced  in  the  fourth  planting,  when  for  three  years 
(1908,  1909,  and  1910)  an  average  of  over  48  percent  of  the  crop, 
by  bushels,  consisted  of  small  onions.  In  this  grading,  onions  less 
than  1 inches  in  diameter  were  classed  as  small. 

The  influence  of  the  time  of  planting  upon  the  size  of  the  onions 
is  further  shown  by  Table  6,  which  gives  the  actual  number  of  large 
and  of  small  onions  produced  by  each  plat  each  year,  together  with 
the  average  weight  per  bulb  in  both  the  large  and  the  small  sizes,  and 
the  average  weight  per  bulb  for  the  entire  crop. 


Table  6. — Number  of  Large  and  Small  Onions  and  Average  Weight  of 
Bulbs  from  Each  Plat:  Early  and  Late  Planting 

(All  weights  expressed  in  pounds) 


Year 

Large 

Small 

Total 

Large 

Small 

Total 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Ap- 

1 wt. 

No. 

Av. 

wt. 

Plat  2:  Earliest  planting 

Plat  7 : Second  planting 

1907  

1908  

1909  

1910  

1911  

1912  

2278 

1900 

3755 

1974 

1975 
3722 

.259 

.169 

.172 

.214 

.045 

.188 

1660 

139 

280 

1992 

165 

.075 

.042 

.055 

.019 

.023 

2278 

3560 

3894 

2254 

3967 

3887 

.259 

.125 

.167 

.194 

.032 

.181 

3936 

1400 

3075 

2040 

1822 

3862 

.188 

.168 

.127 

.123 

.054 

.211 

1330 

694 

263 

1827 

99 

.068 

.046 

.063 

.024 

.029 

3936 

2730 

3769 

2303 

3649 

3961 

.188 

.119 

.112 

.116 

.039 

.207 

Average 

2601 

Tl77 

7o6 

.044 

3307 

.149 

2689 

.157 

702 

.044 

3391 

.134 

Plat  8:  Third  planting 

Plat  9:  Eourth  planting 

1907  

1908  

1909  

1910  

1 Q11 

4514 

857 

2645 

1929 

436 

1693 

.173 

.131 

.106 

.069 

.039 

.220 

1172 

779 

771 

2312 

111 

.058 

.041 

.053 

.016 

.023 

4514 

2029 

3424 

2700 

2748 

1804 

.173 

.089 

.091 

.065 

.019 

.208 

4380 

443 

1601 

855 

.166 

.109 

.083 

.097 

2087 

1897 

1507 

.052 

.041 

.044 

4380 

2530 

3498 

2362 

.166 

.062 

.060 

.063 

lt?ll 

1912 

Average 

2012 

.140 

858 

.035 

2870 

.109 

1820 

.136 

1373 

.046 

3193 

.097 

Relation  of  Weather  to  Size  and  Yield  of  Onions 

Table  6 shows  that  in  general  the  proportion  of  small  to  large 
onions  increased  and  the  average  size  of  the  bulbs  decreased  as  the 
planting  became  later.  However,  there  was  more  difference  in  the 
size  of  the  onions  from  the  same  plat  in  different  seasons  than  from 
different  plats  in  the  same  season.  The  bulbs  were  especially  large 
in  1907  and  especially  small  in  1911.  The  late  plantings  in  1907  and 
1912  produced  much  larger  bulbs  than  the  late  plantings  in  other 
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years.  Some  of  the  variation  in  the  size  of  the  bulbs  was  doubtless 
due  to  lack  of  uniformity  in  stand,  but  since  in  no  case  were  the  bulbs 
overcrowded,  the  difference  in  size  must  have  been  due  mainly  to  some 
other  cause. 

An  examination  of  the  temperature  and  rainfall  records  for  the 
months  of  June,  July,  and  August  in  each  year  from  1907  to  1912 
inclusive  shows  that  there  were  some  striking  relations  between  the 
weather  and  the  size  of  the  onion  bulbs.  Tables  7,  8,  and  9 show 
the  maximum  temperatures  for  each  day  in  June,  July,  and  August 
of  the  years  in  question,  and  also  the  amount  and  distribution  of 
rainfall  for  these  months.1 


Table  7. — Weather  Record  for  June 


Day 

1907 

1908 

1909 

1910 

1911 

1912 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

°F 

inches 

°F 

inches 

oF 

inches 

op 

inches 

° F 

inches 

op 

inches 

1 

54 

2.41 

68 

78 

.65 

72 

80 

82 

.32 

2 

58 

74 

T 

71 

59 

.10 

77 

.03 

74 

3 

69 

’.08 

68 

.09 

78 

r 

58 

92 

80 

4 

71 

.46 

79 

76 

T 

65 

* T* 

98 

. . . 

73 

*.06 

5 

71 

84 

84 

T 

70 

T 

96 

T 

78 

T 

fi 

71 

*33 

84 

85 

70 

.03 

93 

.05 

73 

7 

74 

85 

85 

— 

70 

84 

. . . 

66 

8 

67 

82 

t" 

85 

.18 

74 

86 

. . . 

69 

9 

75 

’.34 

77 

78 

.15 

71 

*.ii 

95 

73 

10 

77 

.04 

68.5 

72 

.03 

71 

98 

79 

11 

79 

72 

79 

76 

86 

83 

12 

78 

80 

81 

’.is 

80 

71 

* T 

84 

T 

13 

75 

82.5 

.05 

80 

.40 

84 

80 

. . . 

84 

.01 

14 

79 

78 

.41 

72 

83 

*T 

80 

. . . 

78 

.25 

15 

85 

69 

71 

89 

83 

. . . 

83 

.14 

16 

88 

74 

79 

T 

89 

86 

T 

78 

.92 

17 

90 

78 

T* 

78 

.54 

89 

88 

.06 

70 

.08 

18 

89 

88.5 

72 

... 

90 

79 

61 

.01 

19 

81 

86 

*.18 

78 

95 

85 

66 

. T 

20 

81 

87 

.12 

84 

89 

92 

78 

.07 

21 

87 

90 

.13 

76 

*24 

92 

94 

72 

22 

88 

92 

82 

.51 

93 

96 

78 

23 

87 

89 

T* 

85 

... 

92 

90 

.04 

78 

24 

70 

1.90 

81 

91 

.01 

92 

80 

.43 

81 

25 

78 

80 

87 

.36 

91 

84 

.01 

84 

26 

74 

82 

. . . 

85 

.14 

93 

1.27 

85 

• . • 

88 

27 

73 

84 

85 

.39 

76 

1.48 

84 

•15 

87 

28 

75 

84 

T* 

88 

85 

82 

• • « 

87 

29 

82 

74.5 

1.01 

90 

87 

87 

S3 

30 

85 

77 

. . . 

87 

. . . 

91 

93 

T*. 

86 

Mean 

77.03 

79.93 

80.73 

81.20 

. . . 

86.80 

77.97 

Total 

— 

5.56 

— 

1.99 

3.75 

2.99 

.... 

.82 

.... 

1.89 

1 These  data  are  from  the  official  weather  records  of  the  University  and  were 
furnished  the  author  thru  the  courtesy  of  Professor  J.  G.  Mosier. 
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Table  8. — Weather  Record  for  July 


1907 

1908 

1909 

1910 

1911 

1912 

Day 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

temp. 

fall 

temp. 

faU 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

°F 

inches 

o f 

inches 

°F 

inches 

o f 

inches 

°F 

inches 

°F 

inches 

1 

85 

.11 

83.5 

90 

... 

90 

96 

... 

82 

.57 

2 

73 

• • • 

86 

T 

09 

... 

89 

98 

... 

77 

.03 

3 

80 

• • • 

73 

.26 

92 

... 

84 

’.05 

99 

... 

75 

.53 

4 

89 

T 

77 

75 

• • • 

76 

102 

... 

£3 

... 

5 

93 

• • • 

86 

... 

62 

.99 

84 

100 

. . . 

88 

... 

6 

93 

.50 

89 

... 

67 

2.16 

88 

94 

84 

... 

7 

88 

... 

67 

.42 

74 

.46 

90 

96 

T 

82 

... 

8 

93 

T 

74 

. « • 

82 

... 

91 

93 

83 

.01 

9 

90 

.55 

83 

• • • 

85 

. • • 

89 

94 

88 

T 

10 

86 

.89 

87 

... 

81 

• . • 

82 

90 

T 

81 

.08 

11 

77 

.08 

93 

• • • 

80 

1.86 

85 

99 

.10 

85 

... 

12 

79 

... 

94 

• • • 

79 

1.82 

84 

*.78 

87 

. . . 

82 

... 

13 

81 

... 

94 

• • • 

82 

.02 

81 

... 

84 

T 

91.5 

... 

14 

82 

.98 

87 

.80 

82 

• . . 

87 

T 

89 

... 

90 

... 

15 

85 

T 

85 

• • • 

85 

• • • 

84 

.10 

93 

... 

85 

... 

16 

87 

.43 

85 

.24 

81 

84 

.93 

81 

.10 

81 

... 

17 

85 

86 

• • • 

83 

• . • 

76 

.01 

86 

... 

86 

... 

18 

86 

82 

• • • 

80 

.09 

78 

... 

82 

... 

83 

... 

19 

88 

81 

• • • 

78 

• • • 

80 

... 

76 

.16 

73 

... 

20 

88 

68 

.21 

81 

• • • 

84 

... 

88 

... 

88 

. . . 

21 

90 

85 

.08 

84 

• • • 

83 

• • • 

89 

... 

83 

1.62 

22 

88 

84 

• • • 

84 

T 

85 

... 

86 

. 1 . 

80 

... 

23 

89 

83 

• • • 

79 

... 

87 

... 

78 

.24 

89 

.30 

24 

91 

*T 

83 

.12 

80 

• • • 

92 

.08 

76 

T 

94 

... 

25 

90 

T 

85 

• • • 

81 

• • • 

93 

... 

74 

.01 

86 

... 

26 

76 

.11 

84 

• • • 

67 

.05 

88 

... 

75 

... 

79 

... 

27 

80 

• • • 

84 

.18 

78 

.12 

93 

... 

82 

... 

81 

... 

28 

69 

.33 

90 

• • • 

89 

• • • 

82 

.27 

85 

T 

80 

.39 

29 

83 

• • • 

91 

« « • 

93 

• • • 

84 

.54 

86 

.01 

81 

... 

30 

85 

... 

93 

... 

91 

• • • 

83 

. . . 

84 

... 

83 

... 

31 

82 

1.03 

87 

80 

T 

81 

85 

... 

75 

.15 

Mean 

84.87 

— 

84.17 

81.19 

. . . 

85.06 

. . . 

87.97 

. . . 

83.18 

. . . 

Total 

.... 

5.01 

.... 

2.31 

.... 

7.57 

.... 

2.76 

— 

.62 

.... 

3.68 

An  examination  of  these  records  shows  that  in  1907,  when  all  the 
plantings  of  onions  produced  large  yields  and  all  the  bulbs  were  large, 
the  rainfall  was  exceptionally  heavy  and  well  distributed,  and  the 
mean  maximum  temperatures  were  quite  low,  especially  for  June  and 
August.  Under  these  conditions  the  onions  continued  to  grow  until 
late  in  August,  as  indicated  in  Table  4,  and  were  able  to  produce  the 
large  yields  indicated  in  Table  5.  In  1912  somewhat  similar  condi- 
tions prevailed.  Altho  the  rainfall  was  considerably  less  than  in 
1907,  it  was  quite  well  distributed,  and  aided  the  crop  at  critical 
times.  The  heavy  rain  of  July  21  and  the  frequent  showers  from 
August  5 to  16  were  important  factors  in  the  development  of  the 
crop.  The  temperature  also  was  favorable  to  the  growth  of  onions, 
there  being  very  few  excessively  hot  days,  and  the  mean  maximum 
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Table  9. — Weather  Record  for  August 


1907 

1908 

1909 

1910 

1911 

1912 

Day 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

Max. 

Rain- 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

temp. 

fall 

°F 

inches 

°F 

inches 

°F 

inches 

°F 

inches 

°F 

inches 

°F 

inches 

1 

82 

.10 

88 

87 

85 

... 

85 

.46 

78 

. . . 

2 

72 

93 

91 

88 

80 

74 

... 

3 

75 

93 

... 

89 

T 

85 

... 

85 

. « . 

69 

... 

4 

77 

86 

... 

88 

.03 

81 

... 

89 

69 

... 

5 

82 

.98 

89 

T 

88 

81 

... 

88 

... 

72 

.01 

6 

84 

88 

T 

86 

82 

. . . 

91 

... 

80 

T 

7 

85 

.90 

82 

88 

... 

71 

.22 

87 

.08 

77 

T 

8 

87 

.03 

79 

91 

82 

... 

90 

... 

81 

.39 

9 

86 

80 

T 

91 

T 

80 

T 

94 

T 

72 

.02 

10 

87 

83 

85 

82 

... 

97 

74 

.24 

11 

90 

85 

... 

89 

83 

... 

92 

. . . 

79 

.02 

12 

80 

.25 

88 

1.24 

93 

.01 

85 

... 

88 

T 

81 

.06 

13 

83 

• • • 

86 

• • • 

90 

84 

... 

91 

* , . 

86 

.29 

14 

73 

T 

89 

94 

... 

88 

... 

90 

83 

T 

15 

84 

• • • 

87 

.71 

92 

T 

90 

... 

93 

• • . 

83 

T 

16 

84 

1.42 

93 

T 

91 

... 

89 

.85 

97 

71 

.36 

17 

81 

.26 

88 

79 

... 

89 

.50 

93 

T 

88 

18 

84 

. . . 

81 

84 

... 

75 

.10 

88 

90 

19 

86 

• • • 

78 

T 

89 

... 

80 

. . . 

81 

£6 

20 

72 

.41 

73 

82 

... 

83 

... 

81 

82 

*45 

21 

73 

• • • 

82 

80 

... 

84 

... 

86 

83 

22 

73 

• • • 

81 

83 

. . . 

87 

79 

83 

*22 

23 

75 

76 

87 

... 

85 

*87 

71 

.42 

77 

24 

80 

• • • 

74 

91 

... 

83 

62 

1.62 

87 

25 

77 

76 

88 

2.32 

80 

* T 

75 

T 

91 

26 

79 

... 

81 

88 

.01 

70 

. • • 

78 

89.5 

27 

86 

.07 

84 

92 

T 

74 

... 

86 

... 

73.5 

28 

80 

• • . 

87 

91 

. . . 

79 

76 

.77 

91 

29 

83 

T 

83 

.10 

74 

84 

... 

71 

81 

30 

92 

... 

89 

79 

90 

75 

88 

31 

91 

89 

84 

78 

’.08 

83 

92.5 

Mean 

81.38 

. . . 

84.22 

87.22 

82.48 

. . . 

84.58 

. . 

81.01 

Total 

— 

4.42 

.... 

2.05 

.... 

2.37 

2.62 

3.35 

2.06 

temperatures  being  especially  low  for  June  and  August.  The  onions 
kept  on  growing  till  after  August  20,  and  were  nearly  all  of  large 
size.  Those  from  the  last  planting  were  as  large  as  any,  altho  the 
yield  was  smaller  on  account  of  a poor  stand. 

In  marked  contrast  to  the  conditions  in  1907  and  1912  were  those 
of  1911,  when  the  total  precipitation  for  the  months  of  June  and  July 
was  only  1.44  inches,  and  abnormally  high  temperatures  prevailed, 
especially  during  June  and  the  first  half  of  July.  Under  these  con- 
ditions the  onions  remained  small  and  ripened  early. 

In  the  other  three  years  (1908,  1909,  and  1910),  the  weather  dur- 
ing the  three  months  in  question  was  less  abnormal,  there  being  at 
least  a fair  amount  of  rainfall  in  June  and  July  and  comparatively 
few  excessively  hot  days.  The  first  part  of  August  was  in  each  case 
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dry,  and  nearly  all  the  onions  stopped  growing  during  that  period. 
With  the  exception  of  the  last  planting  in  1908,  which  responded  to 
the  rain  of  August  12,  the  onions  had  either  been  pulled  before  the 
August  rains  came,  or  were  practically  mature  at  that  time  and  were 
pulled  a few  days  later.  Under  these  conditions,  which  may  be  con- 
sidered more  nearly  normal  than  those  of  1907,  1911,  and  1912,  the 
early  plantings  produced  much  larger  bulbs  and  hence  larger  yields 
than  the  late  plantings. 

The  relation  between  time  of  planting  and  size  of  bulbs  was  most 
strikingly  illustrated  in  1910,  when  the  crops  from  all  four  plantings 
were  harvested  on  the  same  day  and  the  onions  from  the  last  two 
plantings  were  only  one-third  the  size  of  those  from  the  first  plant- 
ing, while  those  from  the  second  planting  were  about  midway  between 
the  two  extremes. 

Relation  of  Time  of  Planting  to  Profits 

As  soon  as  feasible  after  the  onions  were  harvested,  they  were  sold 
on  the  local  market.  The  value  of  the  crop  from  each  plat  was  cal- 
culated from  the  yield  and  the  prices  obtained.  The  cost  of  produc- 
tion was  also  determined,  and  calculated  to  the  acre  basis.  The  dif- 
ference between  the  value  of  the  crop  and  the  cost  of  production  thus 
gave  the  net  profit.  Data  on  these  points  for  each  planting  in  each 
year  are  given  in  Table  10. 

It  will  be  seen  that  the  average  values  of  the  crops  from  the  first 
and  second  plantings  were  very  much  greater  than  those  from  the 
third  and  fourth ; and  that  altho  the  cost  of  production  was  usually 
less  for  the  later  plantings,  the  average  profits  were  much  greater  for 
the  earlier  plantings.  The  table  further  shows  that  in  1908  and  1910, 
when  there  were  fairly  good  profits  from  the  first  two  plantings,  the 
last  two  plantings  resulted  either  in  a loss  or  in  very  slight  profits. 
An  additional  point  brought  out  by  this  table  is  the  fact  that  in  an 
unfavorable  season,  like  1911,  even  early-planted  onions  may  be  grown 
at  an  actual  loss. 

THINNING 

The  common  practice  in  growing  onions  has  been  to  sow  the  seed 
thickly  in  order  to  insure  a full  stand,  and  then  to  thin  the  seedlings 
to  the  desired  distance.  However,  within  recent  years  there  has  been 
a tendency  among  commercial  growers  to  sow  the  seed  more  thinly 
and  to  dispense  with  the  thinning  of  the  seedlings.  In  order  to  se- 
cure data  regarding  the  influence  of  thinning  on  the  size  and  yield 
of  bulbs  and  the  relative  cost  of  growing  onions  with  and  without 
thinning,  tests  were  made  in  1908,  1909,  1911,  and  1912.  The  plats 
designed  to  be  thinned  were  sown  quite  thickly.  After  the  seedlings 
had  become  fully  established,  they  were  thinned  to  a distance  of 
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approximately  three  inches.  The  date  of  thinning  varied  from  May 
31  to  June  10.  Unavoidable  gaps  in  the  rows,  due  to  unequal  dis- 
tribution of  seed,  failure  to  germinate,  accidents  during  tillage,  etc., 
made  the  stand  in  the  thinned  plats  less  than  the  theoretical  number 
of  onions  that  there  would  have  been  if  an  onion  had  occupied  each 
and  every  three-inch  space  in  the  row.  The  plats  to  be  left  unthinned 
in  1908  and  1909  were  sown  much  more  thinly  than  the  plats  to  be 
thinned.  The  stands  were  not  uniform,  the  onions  being  more  or 
less  in  patches,  with  vacant  spaces  between.  In  1911  and  1912  all 
the  onions  were  sown  thickly.  Thinned  and  unthinned  plats  were 
treated  alike  in  reference  to  all  matters  of  tillage  and  care  except 
the  thinning. 


Effect  of  Thinning  on  Size  of  Bulbs 

When  harvested,  the  onions  from  each  plat  were  graded  into  large 
and  small,  and  each  lot  was  counted  and  weighed.  The  number  of 
bulbs  and  the  average  weight  per  bulb  in  each  grade  are  given  in 
Table  11. 


Table  11. — Number  of  Large  and  Small  Onions  and  Average  Weight  of 
Individual  Bulbs,  from  Plats  Thinned  and  Unthinned 

(All  weights  expressed  in  pounds) 


Year 

Plat  2:  Thinned 

Plat  3:  Unthinned 

Large 

Small 

Total 

Large 

Small 

Total 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

1908  

1909  . ....... 

1911  

1912  

1900 

3755 

1975 

3722 

.169 

.172 

.045 

.188 

1660 

139 

1992 

165 

.075 

.042 

.019 

.023 

3560 

3894 

3967 

3887 

.125 

.167 

.032 

.181 

2000 

5309 

597 

8383 

.166 

.135 

.039 

.083 

2249 

1267 

16712 

2893 

.066 

.045 

.013 

.022 

4249 

6576 

17309 

11276 

.113 

.117 

.014 

.068 

Average  .... 

2838 

.155 

989 

.044 

3827 

.126 

4072 

.109 

5780 

.021 

9853 

.057 

This  table  shows  that  in  1908,  when  the  unthinned  plat  contained 
only  about  20  percent  more  bulbs  than  the  thinned  plat,  there  was 
not  a large  amount  of  difference  in  the  average  size  of  the  onions 
from  the  two  plats ; but  that  in  1909,  when  the  unthinned  plat  con- 
tained approximately  70  percent  more  bulbs  than  the  thinned  plat, 
there  was  much  greater  difference  in  the  average  weight  of  the  bulbs. 
On  account  of  dry  weather  in  1911,  none  of  the  onions  attained  nor- 
mal size,  but  those  from  the  thinned  plat  were,  on  an  average,  over 
twice  as  large  as  those  from  the  unthinned  plat.  Nearly  the  entire 
crop  from  the  unthinned  plat  consisted  of  bulbs  less  than  1*4  inches 
in  diameter,  while  approximately  50  percent  of  the  bulbs  from  the 
thinned  plat  were  above  that  size.  It  should  be  noted  in  this  con- 
nection that  the  unthinned  plat  contained  over  four  times  as  many 
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bulbs  as  the  thinned  plat.  In  1912,  a season  favorable  to  the  pro- 
duction of  onions,  the  bulbs  from  the  unthinned  plat  were,  as  an 
average,  only  slightly  over  one-third  as  large  as  those  from  the  thinned 
plat. 


Relation  of  Thinning  to  Yield 

On  account  of  the  excessive  number  of  bulbs  produced,  the  total 
yield  of  onions  was  greater  every  year  from  the  unthinned  than  from 
the  thinned  plat.  The  yields  of  large  and  of  small  onions  from  each 
plat,  in  terms  of  bushels  per  acre,  are  given  in  Table  12.  These  fig- 


Fig.  1. — Thinned  Onions  at  Left;  Unthinned  Onions  at  Right 


ures  show  that  the  increase  in  the  yield  of  the  unthinned  plats  was 
due  more  to  an  increase  in  the  yield  of  small  onions  than  to  an  in- 
crease in  the  yield  of  large  onions.  In  fact,  in  the  two  years  that  the 
unthinned  onions  were  especially  thick,  the  yields  of  large  onions  were 
actually  less  from  the  unthinned  than  from  the  thinned  plats,  the 
increased  yield  being  due  to  the  superabundance  of  small  onions.  The 
average  yields  of  large  onions  for  the  four  years  were  practically  the 
same  from  both  plats. 
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Table  12. — Yields  of  Onions,  Thinned  and  Unthinned 
(Bushels  per  acre) 


Year 

Plat  2 : Thinned 

Plat  3:  Unthinned 

Large 

Small 

Total 

Large 

Small 

Total 

1908  

225.44 

87.37 

312.81 

232.46 

103.68 

336.14 

1909  

452.77 

4.14 

456.91 

501.30 

40.21 

541.51 

1911 

62.39 

26.67 

89.06 

16.14 

158.25 

174.39 

1912 

491.93 

2.63 

494.56 

489.65 

45.61 

535.26 

Average 

308.13 

30.20 

338.34 

309.89 

86.94 

396.83 

Cost  of  Thinning 

The  principal  reason  assigned  for  growing  onions  without  thinning 
is  that  the  labor  and  expense  of  the  operation  are  avoided.  It  is  true 
that  thinning  onions  is  a tedious  task,  and  that  while  thinning  can 
be  combined  with  one  of  the  weedings,  it  is  considerably  more  ex- 
pensive than  weeding  alone,  especially  on  land  that  has  been  properly 
handled  to  keep  it  comparatively  free  from  weed  seeds.  The  expense 
avoided  by  not  thinning  may  be  partly  balanced  by  the  greater  labor 
of  harvesting  a crop  of  small,  unthinned  bulbs.  The  relation  of  these 
two  items  of  expense  in  the  production  of  the  four  onion  crops  con- 
sidered in  this  connection  is  set  forth  in  Table  13. 


Table  13. — Differences  in  Cost  of  Growing  Onions  With  and  Without 

Thinning 


1908 

1909 

1911 

1912 

Average 

Plat  2:  Thinned — 

Cost  of  weeding  and  thinning 

$27.00 

$28.80 

$47.50 

$40.50 

$35.95 

Cost  of  harvesting 

17.00 

18.75 

14.60 

17.40 

16.94 

Total,  two  items 

44.00 

47.55 

62.10 

57.90 

52.89 

Plat  3:  Not  thinned — 

$ 9.40 

Cost  of  weeding 

$ 7.00 

$12.70 

$ 3.50 

$14.40 

Cost  of  harvesting 

18.70 

38.10 

37.60 

48.90 

35.83 

Total,  two  items 

25.70 

50.80 

41.10 

63.30 

45.23 

Difference  in  favor  of  Plat  3 . . 

$18.30 

$-3.25 

$21.00 

$-5.40 

$ 7.66 

The  figures  in  this  table  indicate  that  the  thinning  cost  from  $1G 
to  $44  per  acre  (the  difference  between  the  cost  of  thinning  and  weed- 
ing Plat  2 and  the  cost  of  weeding  Plat  3).  This  wide  difference 
from  year  to  year  wTas  due  mainly  to  differences  in  the  thickness  of 
the  original  stand.  The  extremely  low  cost  of  weeding  in  1911  was 
due  to  dry  weather  which  was  unfavorable  to  weed  production.  This 
table  also  shows  that  the  cost  of  harvesting  the  thinned  onions  was 
fairly  uniform,  while  that  of  harvesting  the  unthinned  onions  varied 
with  the  number  of  bulbs  produced.  In  1908,  when  the  number  of 
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bulbs  in  the  unthinned  plat  was  not  much  greater  than  in  the  thinned 
plat,  the  cost  of  harvesting  wag  likewise  not  much  greater.  In  other 
years  the  cost  of  harvesting  was  considerably  greater  for  the  un- 
thinned than  for  the  thinned  plat.  In  1911  the  unthinned  onions 
were  so  small  and  numerous  that  they  were  handled  like  onion  sets, 
and  the  cost  of  harvesting  was  thus  made  smaller  than  it  would  other- 
wise have  been.  This,  combined  with  the  low  cost  of  weeding,  al- 
ready mentioned,  shows  a greater  saving  of  expense  by  not  thinning 
than  would  otherwise  have  been  the  case.  The  average  for  the  four 
years  shows  a saving  of  $7.66  per  acre  in  favor  of  not  thinning. 

GROWING  RIPE  ONIONS  FROM  SETS 

In  this  part  of  the  country,  onion  sets  are  used  chiefly  for  the 
production  of  green  bunch  onions.  In  order  to  test  their  adapta- 
bility, as  compared  with  seed,  for  the  production  of  ripe  onions,  like 
areas  were  planted  with  seed  and  with  sets,  and  records  were  kept 
of  the  labor  and  cost  of  production,  the  yield  and  size  of  bulbs,  the 
time  of  ripening,  and  the  selling  price  of  the  product.  These  tests 
extended  over  a period  of  six  years.  During  the  first  three  years, 
only  yellow  bottom  sets  were  used ; during  the  last  three  years,  Prize 
Taker  sets  also  were  employed.  The  yellow  bottom  sets  were  usually 
purchased,  while  the  Prize  Taker  sets  were  grown  on  the  Station 
grounds,  since  they  could  not  readily  be  obtained  in  the  trade.  The 
home-grown  yellow  bottom  sets  that  were  used  were  from  the  same 
strain  of  seed  as  the  ripe  onions  grown  from  seed.  The  variety  and 
strain  of  the  commercial  yellow  bottom  sets  were  unknown.  The  Prize 
Taker  sets  and  seeds  were  always  of  the  same  strain. 

For  the  first  two  years,  the  commercial  sets  were  planted  as  re- 
ceived from  the  dealers,  without  screening.  They  included  many 
large,  overgrown  sets,  and  quite  a high  percentage  of  the  plants  sent 
up  seed  stalks.  For  the  last  four  years,  the  sets  were  screened  be- 
fore planting.  They  were  first  thrown  on  a %-inch  screen  and  those 
that  would  not  go  thru  were  discarded;  then  the  remaining  sets 
were  passed  over  a %-inch  screen  and  all  those  that  dropped  thru 
were  discarded.  Thus,  only  the  medium-sized  sets  were  used  for 
planting.  A considerably  smaller  quantity  of  sets  was  needed  for 
planting  a given  area  when  the  screened  sets  were  used  than  when 
the  unscreened  sets  were  used,  and  a smaller  percentage  of  the  plants 
sent  up  seed  stalks. 

Data  regarding  the  kind  and  quantity  of  sets  planted  each  year 
and  the  percentage  producing  seed  stalks  are  given  in  Table  14.  The 
area  of  each  plat  employed  in  these  tests  was  one-fortieth  of  an  acre. 
In  calculating  the  quantity  of  sets  needed  to  plant  an  acre,  it  was 
assumed  that  the  sets  weighed  32  pounds  per  bushel. 


Table  14. — Data  Regarding  Onion  Sets  Used 
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yellow  bottom  sets  or  sets  grown  on  the  Station  grounds  from  Southport  Yellow  Globe  seed. 
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Each  year  of  the  tests,  the  seeds  and  sets  were  planted  the  same 
day,  in  soil  that  had  received  identical  preparation.  The  seeds  were 
sown  with  a drill,  and,  except  in  1907,  when  the  stand  was  very  thin, 
the  Yellow  Globe  seedlings  were  thinned  to  a distance  of  approxi- 
mately three  inches,  and  the  Prize  Taker,  to  four  inches.  The  sets 
were  planted  by  hand  in  drills  made  by  a sled  marker,  and  were 
placed  at  approximately  the  same  distances  as  those  to  which  the 
onions  from  seed  were  thinned.  The  planting  of  the  sets  was  a tedi- 
ous operation,  requiring  from  twelve  to  twenty  times  as  much  labor 
as  the  planting  of  the  seed.  However,  the  crop  grown  from  the  sets 


Fig.  2. — Onions  from  Sets  at  Left;  from  Seeds  at  Right 

developed  rapidly  and  did  not  require  so  much  tillage  (owing  princi- 
pally to  the  shorter  period  of  growth)  nor  nearly  so  much  labor  in 
weeding,  as  did  the  crop  grown  from  seed.  Furthermore,  there  was 
a uniform  stand  from  the  sets  without  any  expense  for  thinning. 

Data  regarding  the  comparative  amount  of  labor  employed  in 
planting,  tillage,  and  weeding  and  thinning,  in  the  two  ways  of  grow- 
ing the  onions  are  given  in  Table  15.  The  figures  for  the  last  three 
years  represent  the  average  for  the  two  varieties.  It  will  be  seen 
that  while  the  labor  of  planting  the  sets  was  enormous,  it  was  usually 
more  than  balanced  by  the  saving  in  the  labor  of  tillage,  and  weeding 
and  thinning. 


Table  15. — Comparison  of  Labor  in  Growing  Onions  from  Seed  and  from  Sets 

(Hours  per  aere) 
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Relative  Cost  of  Growing  Onions  from  Seed  and  from  Sets 

As  shown  in  Table  15,  the  excess  of  labor  in  planting  the  onion 
sets  as  compared  with  sowing  the  seed  was  usually  fully  offset  by 
the  saving  of  labor  in  tillage,  weeding,  and  thinning.  Since  the  same 
amount  of  manure  was  used  on  each  plat  and  the  same  preparation 
was  given  the  land,  any  differences  in  the  cost  of  growing  the  crop 
the  two  ways,  in  addition  to  the  differences  already  mentioned,  would 
depend  upon  the  relative  cost  of  the  seed  and  the  sets,  and  the  cost 
of  harvesting  the  crop.  The  prices  both  of  the  seed  and  of  the  ’ sets 
varied  from  year  to  year,  but  except  under  the  abnormal  conditions 
of  the  onion-set  market  in  the  spring  of  1911,  the  sets  for  planting 
a given  area  cost  from  somewhat  less  than  four  to  nearly  ten  times 
as  much  as  the  seed. 

The  various  items  of  expense  in  growing  the  crops  from  seed  and 
from  sets,  calculated  to  the  acre  basis,  are  shown  in  Table  16.  The 
figures  given  represent  the  average  for  the  two  varieties,  except  in 
the  case  of  the  sets  in  the  years  when  only  one  variety  was  used. 
The  cost  of  the  seed  each  year  is  figured  on  the  basis  of  four  pounds 
per  acre  at  the  actual  price  paid  for  the  seed  that  year.  High-grade 
seed  was  invariably  used.  The  cost  of  the  sets  is  based  upon  the 
market  price  of  sets  in  this  locality  at  planting  time  each  year  and 
the  actual  quantity  planted.  The  cost  of  labor  is  figured  at  the  uni- 
form rate  of  15  cents  per  hour.  In  commercial  practice,  much  of  the 
labor  in  growing  onions  would  in  many  cases  be  done  by  women  and 
children  at  a lower  figure.  Likewise,  the  cost  of  manure  would  vary 
in  different  places.  In  this  estimate  it  has  been  figured  at  75  cents 
per  ton.  However,  since  the  same  amount  of  manure  was  used  on 
each  plat,  the  price  would  have  no  influence  on  the  relative  cost  of 
growing  the  onions  the  two  ways. 


Yields  of  Onions  from  Seed  and  from  Sets 

Table  16  shows  that  on  account  of  the  much  greater  cost  for  sets 
than  for  seed,  and  the  greater  expense  of  harvesting  the  crop  from 
the  sets,  the  cost  of  growing  onions  from  sets  averaged  nearly  50 
percent  greater  than  the  cost  of  growing  the  crop  from  seed.  There- 
fore, unless  some  other  compensating  feature  can  be  found,  in  addi- 
tion to  the  saving  of  labor  in  tillage,  weeding,  and  thinning,  there  is 
no  valid  reason  for  growing  ripe  onions  from  sets.  Table  17,  which 
gives  the  yields,  in  bushels  per  acre,  of  the  onions  grown  from  seed 
and  from  sets  each  year,  throws  some  light  on  this  point. 
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It  will  be  seen  that  except  in  1912,  the  yield  of  large  onions  (i.  e., 
onions  of  standard  market  size)  was  greater  from  the  sets  than  from 
the  seed,  and  that  except  in  1908  and  1912  the  total  yield  also  was 
greater.  The  six-year  average  shows  an  advantage  of  129  bushels  of 
large  onions  per  acre  in  favor  of  the  yellow  bottom  sets  as  compared 
with  the  Southport  Yellow  Globe  seed;  while  for  the  three  years  in 
which  Prize  Taker  sets  were  used,  the  average  yield  of  large  onions 
is  shown  to  have  been  247  bushels  greater  from  the  sets  than  from 
seed  of  the  same  strain.  The  marked  superiority  of  sets  over  seed  in 
certainty  of  producing  a crop  is  clearly  shown  by  the  yields  for  1911, 
when  conditions  during  June  and  July  were  so  unfavorable  for  the 
growth  of  onions  (see  Tables  7 and  8).  The  vigorous  growth  made 
in  April  and  May  by  the  onions  from  the  sets  enabled  them  to  pro- 
duce a fair  crop  in  spite  of  the  drouth  in  June.  The  smaller  yield 
from  the  sets  than  from  the  seed  in  1912  can  be  accounted  for  when 
the  difference  in  the  stage  of  development  of  the  respective  crops  is 
considered  in  connection  with  the  weather  conditions  at  certain  peri- 
ods. The  onions  grown  from  sets  ripened  normally  during  a dry 
spell  in  July  (at  approximately  the  average  date),  but  on. account 
of  late  planting  their  period  of  growth  was  shorter  than  in  any  other 
year  of  the  six.  About  the  time  these  onions  ripened,  there  was  a 
heavy  rain,  followed  by  temperate  weather,  which  was  very  favor- 
able to  the  development  of  the  onions  grown  from  seed.  These  latter 
continued  to  grow  for  a full  month  after  the  crop  from  the  sets  had 
been  harvested.  In  1910,  when  the  Prize  Taker  sets  produced  their 
highest  yield,  the  crop  from  the  sets  continued  growing  until  within 
ten  days  of  the  time  of  the  ripening  of  the  crop  from  the  seed. 

Size  of  Bulbs  from  Seed  and  from  Sets 

The  larger  yields  from  the  sets  were  due  sometimes  to  a more 
complete  and  uniform  stand,  and  sometimes  to  the  larger  size  of  the 
bulbs.  In  1907  and  1910,  the  stands  from  Yellow  Globe  seed  were 
rather  thin  and  the  bulbs  grew  larger  than  those  from  the  yellow 
bottom  sets,  yet  the  better  stands  from  the  sets  resulted  in  much 
larger  yields.  In  1909  and  1911,  altho  the  stands  of  Yellow  Globe 
from  the  seed  were  almost  perfect,  the  bulbs  from  the  sets  were  so 
very  much  larger  that  the  yields  greatly  exceeded  those  from  the  seed. 
In  1910  and  1911,  the  stands  of  Prize  Taker  from  the  sets  were  thicker 
than  the  stands  from  the  seed,  and  the  bulbs  were  also  very  much 
larger.  Under  these  conditions,  the  yields  from  the  sets  were  greatly 
in  excess  of  those  from  the  seed.  In  1912  the  Prize  Taker  onions 
grown  from  seed  continued  growing  until  very  late,  as  already  noted, 
and  reached  an  enormous  size.  This  gave  the  seed  an  advantage  in 
yield  over  the  sets  that  year,  in  spite  of  the  thicker  stand  from  the 
sets. 
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Notwithstanding  the  variations  from  year  to  year,  the  averages  for 
the  six  years  and  three  years,  respectively,  for  the  two  varieties  show 
that  the  bulbs  grown  from  sets  were  substantially  larger  than  those 
grown  from  seed.  The  most  striking  difference  in  size  of  bulbs  ap- 
peared under  the  trying  conditions  of  1911,  when  the  sets  were  able 
to  produce  fair-sized  bulbs  regardless  of  the  drouth.  Detailed  data 
regarding  the  number  of  large  and  small  onions  and  the  average 
weights  of  the  bulbs  for  each  variety  each  year  are  given  in  Table  18. 


Table  18. — Number  of  Large  and  Small  Onions  per  Plat,  and  Average 
Weight  of  Bulbs  Grown  from  Seed  and  from  Sets 


(All  weights  expressed  in  pounds) 


Seed 

Sets 

Large 

Small 

Total 

Large 

Small 

Total 

No. 

Av. 

wt. 

No.  il; 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No. 

Av. 

wt. 

No-  it 

Yellow  Globe 


1907  

1908  

1909  

1910  

1911  

1912  

2278 

1900 

3755 

1974 

1975 
3722 

.259 

.169 

.172 

.214 

.045 

.188 

1660 

139 

280 

1992 

165 

.075 

.042 

.055 

.019 

.023 

12278 

13560 

3894 

2254 

3967 

3887 

.259 

.125 

.167 

.194 

.032 

.181 

3689 

3140 

3350 

4163 

3240 

3102 

.206 

.132 

.285 

.178 

.113 

.204 

580 

146 

223 

54 

70 

.034 

.094 

.069 

.030 

.029 

3689 

3720 

3496 

4386 

3294 

3172 

.206 

.117 

.277 

.173 

.111 

.201 

Average 

2601 

.177 

706 

.044 

3307 

.149 

3447 

.187 

179 

.049 

3626 

.180 

Prize  Taker 


1907  

3884 

.214 

3884 

.214 

1908  

1730 

.228 

460 

.087 

2190 

.198 

1909  

2921 

.178 

201 

.040 

3122 

.169 

1910 

2302 

.221 

317 

.091 

2619 

.205 

3006 

.382 

153 

.072 

3159 

.367 

1911 

609 

.046 

1235 

.018 

1844 

.027 

3016 

.165 

39 

.031 

3055 

.164 

1912 

2591 

.388 

109 

.026 

2700 

.374 

3462 

.275 

33 

.030 

3495 

.273 

Six-year  average. 

2340 

.234 

387 

.044 

2727 

.207 

Three-year  aver.  . 

1834 

.280 

554 

.035 

2388 

.223 

3161 

.274 

75 

.059 

3236 

.269 

Time  of  Eipening  of  Onions  from  Seed  and  from  Sets 

As  already  intimated,  the  onions  grown  from  sets  ripened  earlier 
than  those  from  seed.  The  date  of  harvest  and  the  number  of  days 
from  planting  to  maturity  are  given  for  each  variety  each  year,  in 
Table  19.  This  table  shows  that  the  crop  from  the  sets  normally  ma- 
tured in  July  and  the  crop  from  seed  in  August,  and  that  altho  the 
difference  in  the  time  of  the  ripening  of  the  two  crops  varied  from 
9 to  42  days,  the  average  difference  was  25  days  for  the  Yellow 
Globe  and  23  days  for  the  Prize  Taker. 
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Table  19. — Time  of  Ripening  of  Onions  from  Seed  and  from  Sets 


Year 

Yellow 

Globe 

Prize  Taker 

Seed 

Sets 

Seed 

Sets 

Date 

Days 

Date 

Days 

Date 

Days 

Date 

Days 

1907  

Aug.  28 

161 

July  17 

119 

Aug.  21 

154 

. 

• • • 

1908  

” 7 

134 

” 13 

109 

’>  7 

134 

• . • 

1909  . 

” 6 

127 

” 28 

118 

” 16 

137 

3910 

’>  12 

143 

” 27 

127 

” 12 

143 

Aug.  2 

133 

1911 

July  24 

124 

” 1 

101 

' O 

134 

July  7 

107 

1912 

Aug.  23 

134 

” 19 

99 

” 23 

134 

” 23 

103 

Six-year  average .... 

Aug.  12 

137 

July  18 

112 

Aug.  14 

139 



. . . 

Three-year  average.  . 



” 12 

137 

July  21 

114 

Relative  Profits  in  Growing  Onions  from  Seed  and  from  Sets 

The  true  value  of  the  difference  in  the  time  of  the  ripening  of 
onions  from  seed  and  from  sets  can  be  appreciated  more  fully  when 
considered  in  connection  with  market  conditions  at  different  times  in 
the  season.  Since  comparatively  few  ripe  onions  are  grown  from  sets 
in  this  part  of  the  country,  the  local  markets  are  normally  not  very 
fully  supplied  with  onions  at  the  time  the  crop  from  the  sets  matures ; 
and  unless  the  crop  of  Texas  Bermudas  is  large  and  late,  there  is 
likely  to  be  little  competition  from  onions  of  any  kind  until  the  main 
crop  from  seed  matures.  There  is  usually,  therefore,  an  opportunity 
to  dispose  of  ripe  onions  grown  from  sets,  immediately  after  they 
are  harvested,  and  prices  at  that  time  are  likely  to  be  good.  The 
large  onions  from  the  experimental  plats  were  sold  to  a local  whole- 
sale dealer ; those  grown  from  sets  were  disposed  of  as  soon  after 
harvesting  as  they  could  be  cured,  and  brought  a higher  average 
price  than  those  sold  later  that  were  grown  from  seed.  The  small 
onions  were  usually  sold  to  peddlers  or  to  private  parties  for  pick- 
ling. The  prices  received  for  each  type  of  onions  each  year  are  given 
in  Table  20. 


Table  20.— Prices  per  Bushel  Received  for  Onions 


Year 

Yellow  Globe 

Prize 

Taker 

Seed 

Sets 

Seed 

Sets 

Large 

Small 

Large 

Small 

Large 

Small 

Large 

Small 

1907  

$0.75 

.... 

$1.25 



$0.75 

• • • • 

.... 

• • • • 

1908  

.75 

$0.50 

.80 

$0.50 

.75 

$0.50 

, , , , 

1909  

.75 

.50 

.80 

.50 

.75 

.50 

• • • • 

.... 

1910 

.80 

.50 

.80 

.50 

.80 

.50 

$1.00 

$0.50 

1911 

.75 

.50 

1.00 

.50 

.75 

.50 

1.00 

.50 

1912 

.60 

.30 

.60 

.30 

.60 

.30 

.60 

.30 

Average  .... 

$0.73 

$0.46 

$0.88 

$0.46 

$0.73 

$0.46 

$0.87 

$0.43 

Since  the  onions  grown  from  sets  had  the  advantage  of  those 
grown  from  seed  both  in  yield  and  in  price  per  bushel,  the  average 
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value  of  the  crops  produced  from  sets  was  considerably  greater  than 
that  of  the  crops  produced  from  seed.  Table  21  gives  the  value  of 
the  crop,  the  cost  of  production,  and  the  net  profit  for  each  of  the 
crops  of  onions  from  sets  and  from  seed. 

Altho  the  cost  of  growing  the  crop  from  sets  was  every  year 
greater — and  usually  very  much  greater — than  that  of  growing  the 
crop  from  seed,  the  higher  yield  and  the  higher  prices  combined  usu- 
ally resulted  in  the  crop  from  the  sets  being  much  more  profitable 
than  that  from  the  seed.  The  only  exceptions  occurred  in  1908  and 
1912,  when  the  crop  from  the  sets  was  smaller  than  that  from  the 
seed,  as  already  mentioned,  and  the  prices  little  or  no  higher.  The 
six-year  average  shows  an  advantage  of  $102.23  per  acre  per  year 
in  favor  of  growing  the  Yellow  Globe  onions  from  sets  rather  than 
from  seed.  For  the  three  years  that  the  Prize  Taker  sets  were  used, 
the  average  annual  profits  per  acre  were  $254.14  greater  for  the  crop 
grown  from  sets  than  for  the  crop  grown  from  seed  of  the  same  strain. 
This  average  is  not  comparable  with  the  six-year  average  for  the 
other  type,  on  account  of  the  very  low  yields  from  seed  in  1911  and 
the  higher  price  received  for  the  Prize  Taker  onions  grown  from  sets 
in  1910.  However,  it  shows  something  of  the  possibilities  in  the  line 
of  the  profits  that  may  be  secured  from  Prize  Taker  onions  grown 
from  sets,  as  compared  with  the  same  variety  grown  from  seed. 

CONCLUSIONS 

Wood  Ashes  as  a Fertilizer  for  Onions. — The  results  show  that,  on 
the  type  of  soil  used  in  these  experiments,  the  use  of  wood  ashes  as  a 
fertilizer  for  onions  is  not  attended  with  sufficiently  regular  profits  to 
warrant  its  recommendation. 

Time  of  Planting. — The  results  of  the  tests  herein  reported  in- 
dicate that  onions  should  be  planted  within  two  weeks  after  the  soil 
first  reaches  workable  condition  in  the  spring ; and  that  planting  at  the 
beginning  of  this  period  is  likely  to  result  in  larger  average  yields 
than  planting  at  its  close.  Furthermore,  there  is  more  certainty  of 
getting  the  onions  planted  sufficiently  early  if  they  are  planted  at  the 
earliest  opportunity,  than  if  the  first  period  of  good  planting  weather 
is  allowed  to  pass.  It  is  therefore  advisable  to  plant  onions  at  the 
very  earliest  date  in  spring  that  a good  seed  bed  can  be  prepared.  In 
central  Illinois  this  is  usually  some  time  between  March  20  and 
April  1. 

Thinning. — The  chief  objection  to  thinning  onions  is  the  expense. 
On  the  other  hand,  if  onions  are  not  thinned,  there  is  likely  to  be 
a large  percentage  of  undersized  bulbs,  and  even  those  that  are  of 
marketable  size  (that  is,  more  than  1*4  inches  in  diameter)  are  likely 
to  be  much  smaller  than  those  that  have  been  thinned.  The  tendency  of 
the  market  at  the  present  time  is  to  give  preference  to  large-sized 
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onions,  so  that  altho  the  accepted  minimum  standard  size  for  market 
onions  is  1 14  inches  in  diameter,  unless  most  of  the  onions  in  a given 
lot  are  considerably  above  the  minimum,  it  is  difficult  to  sell  them  on 
some  markets,  even  at  a reduced  price.  Therefore,  if  onions  are  to 
be  grown  without  thinning,  great  care  must  be  taken  in  sowing  the 
seed  to  secure  a thin  and  uniform  stand.  This  involves  testing  the 
seed  for  germinative  power,  and  adjusting  the  seed  drill  with  ex- 
treme precision. 

Growing  Onions  from  Sets. — On  the  whole  it  appears  that  altho 
the  cost  of  growing  onions  from  sets  is  considerably  greater  than 
growing  the  crop  from  seed,  the  sets  are  more  certain  than  the  seed 
to  produce  a paying  crop,  especially  under  unfavorable  weather  con- 
ditions ; the  crop  is  likely  to  be  larger ; it  ripens  earlier,  and  can 
usually  be  disposed  of  promptly  at  harvest  time.  The  chief  objection 
to  the  growing  of  onions  from  sets  is  the  enormous  amount  of  labor 
involved  in  planting  them.  However,  this  is  usually  offset  by  the 
saving  of  expense  in  weeding,  thinning,  and  tillage.  The  excess  cost 
of  sets  over  seed  and  the  increased  labor  of  harvesting  the  larger 
crop  from  the  sets  are  usually  more  than  balanced  by  the  greater 
value  of  the  crop ; thus,  under  present  conditions,  the  growing  of 
onions  from  sets  for  local  market  in  Illinois  towns  appears  to  offer 
greater  opportunity  for  large  profits  from  small  areas  than  growing 
onions  from  seed.  The  growing  of  ripe  onions  from  sets  may  well 
form  part  of  a general  market-gardening  business,  provided  the  quan- 
tity grown  in  a given  locality  does  not  exceed  the  capacity  of  the 
available  markets. 
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1.  In  the  carnation  experiments  reported  herein,  increasing  applications  of 

dried  blood  in  amounts  below  that  causing  overfeeding  resulted  in  an  increased 
production  of  flowers,  with  a slight  decrease  in  the  size  of  the  flowers  and  the 
length  of  their  stems.  Pages  369,  372-73 

2.  Small  applications  of  acid  phosphate  produced  no  consistent  results. 

Pages  370-71 

3.  No  increase  in  number  or  size  of  flowers  was  observed  from  applications 

of  potassium  sulfate.  Pages  371-72 

4.  Carnation  plants  produced  as  large  a number  of  flowers  when  grown 

with  commercial  fertilizers  as  when  grown  with  natural  manure.  Page  376 

5.  The  amount  of  commercial  fertilizer  needed  to  produce  this  number  was 

moderate,  and  did  not  force  the  plants  to  the  point  where  there  was  danger  of 
overfeeding.  Pages  373-74 

6.  The  size  of  flower  and  length  of  stem  obtained  by  culture  with  commer- 
cial fertilizers  was  the  same  as  that  obtained  by  culture  with  natural  manure. 

Page  377 

7.  Practically  the  same  percentage  of  strong  stemmed  flowers  was  produced 

by  the  use  of  commercial  fertilizers  as  by  the  use  of  manure.  Page  377 

8.  The  keeping  quality  of  the  flowers  was  not  injured  by  the  use  of  com- 
mercial fertilizers,  so  long  as  the  applications  were  not  excessive.  Pages  377-78 

9.  No  relation  was  found  between  the  source  of  plant  food  (i.e.,  commer- 

cial fertilizers  or  manure)  and  the  percentage  of  flowers  with  split  calyces. 

Pages  378-79 

10.  The  time  of  maximum  crop  production  was  not  dependent  upon  the  kind 

of  fertilizer  (whether  commercial  or  manure),  nor  upon  the  time  of  its  appli- 
cation. Pages  379-80 

11.  Ammonium  sulfate  in  proper  amounts  was  used  in  place  of  dried  blood 

with  equally  satisfactory  results.  Pages  380,  82 

12.  Eelatively  large  quantities  of  acid  phosphate,  with  a moderate  applica- 

tion of  dried  blood,  instead  of  ruining  the  plants,  increased  the  number  and 
quality  of  the  flowers.  Pages  382,  84 

13.  Injury  from  overfeeding  resulted  from  the  excessive  use  of  potassium 

sulfate  and  of  dried  blood.  Pages  384-86 

Page  386 


14.  Conclusions. 


THE  USE  OF  COMMERCIAL  FERTILIZERS 
IN  GROWING  CARNATIONS 


By  H.  B.  DORNER,  Assistant  Chief  in  Floriculture 
F.  W.  MTJNCIE,  First  Assistant  in  Floricultural  Chemistry,  and 
A.  H.  NEHRLING,  Associate  in  Floriculture 


INTRODUCTION 

The  investigation  of  the  nse  of  commercial  fertilizers  in  growing 
carnations  was  undertaken  by  the  Illinois  Agricultural  Experiment 
Station  with  a view  to  determining  the  feasibility  of  the  complete  or 
partial  substitution  of  them  for  manure  as  a source  of  plant  food  in 
producing  this  important  floricultural  crop.  Commercial  fertilizers 
possess  certain  advantages  over  farmyard  manure.  Chief  among  these 
are  the  definiteness  with  which  the  plant-food  content  and  its  solubil- 
ity may  be  known,  and  the  ease  and  cheapness  of  their  application  as 
compared  with  the  more  bulky  manure.  Some  disadvantages  in  the 
use  of  commercial  fertilizers  are:  the  lack  of  a large  proportion  of 
organic  matter,  which  is  a part  of  natural  manure  and  which  often  is 
needful  to  make  heavy  soils  lighter  and  sandy  soils  heavier ; the  danger 
of  overfeeding  in  an  attempt  to  produce  extraordinarily  large  crops  by 
over-application  of  such  concentrated  fertilizers;  and  the  toxicity  of 
some  fertilizing  materials.  These  undesirable  features  bring  out  the 
necessity  for  careful  investigation  in  advance  of  the  general  use  of 
commercial  fertilizers  by  growers. 

The  increasing  difficulty  in  securing  natural  manure  in  sufficient 
quantity,  and  especially  of  good  quality,  to  meet  the  needs  of  the 
florists’  establishments  which  supply  the  demand  of  the  larger  cities, 
makes  the  study  of  this  subject  an  imperative  one;  and  even  where 
manure  is  obtainable,  the  possibility  of  using  some  one  commercial  fer- 
tilizer as  a complement  to  natural  manure  opens  up  an  important 
phase  of  the  subject  for  investigation.  The  determining  factor  in  de- 
ciding whether  commercial  fertilizers  or  natural  manure  will  be  used, 
or  whether  the  former  may  more  successfully  be  used  to  supplement 
the  latter,  will  depend  in  large  part  upon  the  relative  cost  of  the  two. 
If  the  content  of  manure  be  considered  as  nitrogen  10  pounds,  phos- 
phorus 2 pounds,  and  pofassium  8 pounds  (the  average  content  of 
manure),  and  the  value  of  these  elements  be  calculated  at  18  cents  per 
pound  for  nitrogen,  12  cents  for  phosphorus  (from  the  market  price 
of  acid  phosphate),  and  6 cents  for  potassium,  a ton  of  manure  con- 
tains, on  the  average,  plant  food  which  would  cost  about  $2.50  if  pur- 
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chased  in  the  form  of  commercial  fertilizers.1  A part  of  this  supply 
will  not  become  available  to  the  plant  during  the  season  in  which  the 
soil  is  left  in  the  benches.  Considering  this  factor  and  adding  the 
possible  value  of  the  organic  matter  present,  it  seems  probable  that  if 
good  farm  manure  cannot  be  purchased  for  less  than  the  figure  given 
above,  it  will  pay  to  use  commercial  fertilizers  wholly  for  the  purpose 
of  supplying  the  plant  food.  The  cost  of  labor  will  have  an  important 
bearing  on  the  use  of  the  one  or  the  other,  the  advantage  in  this  re- 
gard lying  with  commercial  fertilizers,  which  are  less  bulky  and  need 
to  be  applied  less  often. 

The  first  effort  in  the  experimental  work  at  the  University  of 
Illinois  has  been  to  determine  the  amounts  of  commercial  fertilizers 
that  can  be  applied  without  danger  of  overfeeding,  and  to  compare 
the  number  and  quality  of  flowers  produced  by  culture  with  these 
fertilizers  and  with  natural  manure.  In  addition  to  results  upon  these 
points,  a partial  report  is  made  upon  the  kind  of  fertilizer  most  profit- 
able to  use  looking  forward  to  the  determination  of  the  best  formula. 

GENERAL  PLAN  OF  EXPERIMENTS 

In  the  first  experiment,  extending  over  three  years,  commercial 
fertilizers  in  various  proportions  and  amounts  were  applied  to  differ- 
ent sections  of  benches  in  the  greenhouse  and  the  effects  on  the  num- 
ber and  quality  of  the  flowers  noted.  In  the  second  experiment,  ex- 
tending over  two  years,  the  production  of  sections  treated  with  manure 
was  compared  with  that  from  sections  treated  with  commercial  fer- 
tilizers. The  following  points  were  noted  in  taking  the  records. 

1.  Number  of  flowers 

2.  Condition  of  the  calyx 

3.  Size  of  the  flower 

4.  Length  of  the  stem 

5.  Stem  strength  (1911-13  only) 

6.  Condition  of  the  flower 

The  data  gathered  upon  the  last  point  included  records  of  those 
flowers  which  went  to  sleep  upon  the  plants,  whose  petals  were 
crinkled,  which  opened  only  partially,  whose  color  was  darker  or 
lighter  than  normal,  whose  petals  were  streaked  with  darker  or  lighter 
colors,  etc.  No  one  of  these  conditions,  a record  of  which  might  have 
been  valuable  in  case  of  a widespread  occurrence,  was  general  enough 
to  allow  a conclusion  to  be  drawn. 

Selection  and  Preparation  of  the  Soil 

The  soil  used  in  the  experimental  work  described  herein  was  of  the 
type  (brown  silt  loam)  common  in  the  part  of  the  state  in  which  the 
Experiment  Station  is  located.  It  is  believed,  however,  that  the  re- 
sults obtained  will  be  found  applicable  to  any  soil  upon  which  carna- 

*The  plant-food  content  given  here  is  based  on  a proportion  of  water  ap- 
proximating 75  percent.  Prepared  manure  often  contains  considerably  less. 
Its  value  as  a source  of  plant  food,  however,  may  be  calculated  by  the  same 
method  as  above,  provided  a guaranteed  analysis  is  obtained  from  the  manu- 
facturer. 
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tions  can  be  grown  satisfactorily  by  the  use  of  manure,  provided  the 
proper  physical  condition  of  the  soil  is  first  obtained  by  the  applica- 
tion of  lime  and  manure  in  such  amounts  as  are  needful  for  this  pur- 
pose. 

Selection  in  the  Field. — The  soil  was  a well-drained  brown  silt 
loam  of  the  type  containing  the  following  elements  in  the  approxi- 
mate amounts  indicated:1 


5000  lbs.  nitrogen 
1200  7 ’ phosphorus 

36000  , ’ potassium 


} 


per  acre  of  surface  soil 
(2,000,000  lbs.) 


It  had  been  planted  to  corn  the  year  previous  to  its  use  in  this  ex- 
periment. Each  year  a portion  of  the  field  20  by  100  feet  was  laid 
off  into  plots  measuring  4 by  5 feet.  Each  wagon-load  of  soil  brought 
in  was  obtained  by  taking  the  same  number  of  shovelfuls  of  soil  from 
each  plot.  Enough  soil  to  fill  the  benches  was  hauled  in  and  dumped 
upon  a smooth,  bare  patch  of  ground.  The  whole  pile  was  then  turned 
twice  and  any  lumps  were  carefully  broken.  This  soil  formed  the 
basis  upon  which  the  experiment  was  conducted. 

Treatment  in  the  House. — The  soil  was  brought  into  the  house 
and  the  benches  (5  inches  deep)  were  filled.  After  this  a straight 
edge  was  run  over  the  top  of  the  bench  in  order  to  get  as  nearly 
as  possible  the  same  amount  of  soil  thruout  the  bench.  A weighed 
amount  of  manure  was  spread  over  the  surface,  followed  by  the  com- 
mercial fertilizers,  if  any  were  to  be  applied.  These  were  turned  un- 
der, hand  trowels  being  used  for  the  purpose,  and  the  soil  was  tramped 
down  into  the  bench  again  and  leveled  with  a straight  edge.  In  case 
the  soil  was  unusually  loose,  enough  was  added  to  level  it  up  to  the 
top  of  the  bench.  It  was  then  drenched  with  water  and  allowed  to 
stand  a day  or  two  before  the  plants  were  set.  The  date  of  setting 
was  about  August  5.  . 


EXPERIMENT  WITH  VARYING  QUANTITIES  OF 
COMMERCIAL  FERTILIZERS 

During  the  three  years  1909-12,  an  experiment  was  carried  on 
with  the  view  of  determining  the  effect  of  (1)  dried  blood,  (2)  acid 
phosphate,  and  (3)  potassium  sulfate2 *  in  combinations  of  various  pro- 
portions. In  addition,  a comparison  was  made  between  sulfate  of  am- 
monia and  dried  blood  as  a source  of  nitrogen,  and  between  acid  phos- 
phate and  rock  phosphate  as  a source  of  phosphorus.  During  the  year 
1909-10,  2,088  plants  were  grown,  producing  during  the  seven  months 
during  which  records  were  taken  (October  to  April  inclusive)  33,597 
flowers;  in  1910-11,  2,088  plants  were  grown,  producing  30,547  flow- 
ers; and  in  1911-12,  1,392  plants,  producing  17,846  flowers.  The  ex- 
tent of  the  experiment  may  be  judged  from  the  total  number  of 
plants,  5,568,  which  produced  81,990  flowers. 

1 Cyril  G.  Hopkins,  Soil  Fertility  and  Permanent  Agriculture,  page  82. 

:Potassium  sulfate  is  also  known  as  sulfate  of  potash,  and  ammonium  sulfate 

as  sulfate  of  ammonia. 
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During  the  first  two  years  of  the  experiment,  the  varieties  Beacon, 
Enchantress,  and  White  Perfection  were  grown ; during  the  third  year 
White  Perfection  was  omitted. 

Two  houses,  each  28  by  105  feet,  were  used  in  this  experiment. 
Each  contained  1,600  square  feet  of  bench  space  capable  of  holding 
1,600  plants  set  1 foot  apart  each  way.  Each  bench  was  divided  into 
sections  6 feet  long,  and  on  each  section  a different  proportion  of  the 
three  fertilizers  was  used.  The  experiment  was  repeated  with  each 
variety. 

For  convenience  in  making  comparisons,  the  various  treatments 
are  grouped  into  sets  of  three  sections  each  in  the  following  tabular 
• statement.  It  should  be  kept  in  mind  that  thruout  this  bulletin  the 
amounts  of  fertilizer  are  stated  in  terms  of  pounds  per  100  square 
feet  of  bench  space.  In  this  experiment  each  section  consisted  of  24 
square  feet  of  bench  space  and  contained  24  plants. 

Sec.  1 Sec.  2 Sec.  3 

Dried  blood  4 lbs.  8 lbs.  16  lbs. 

Acid  phosphate  and  potassium  sulfate,  1 lb.  (per  100  sq.  ft.)  in  each  section. 

Sec.  7 Sec.  5 Sec.  6 

Acid  phosphate  1 lb.  2 lbs.  4 lbs. 

Dried  blood  and  potassium  sulfate,  4 lbs.  and  1 lb.  (per  100  sq.  ft.)  respectively 
in  each  section. 

Sec.  7 Sec.  8 Sec.  9 

Potassium  sulfate  1 lb.  2 lbs.  4 lbs. 

Dried  blood  and  acid  phosphate,  4 lbs.  and  1 lb.  (per  100  sq.  ft.)  respectively  in 
each  section. 


Dried  blood  

Acid  phosphate  

Potassium  sulfate,  1 lb.  (per  100  sq. 

See.  13 

1 lb. 

ft.)  in  each  section. 

Sec.  11 
8 lbs. 
2 lbs. 

Sec.  12 
16  lbs. 
4 lbs. 

Dried  blood  

Potassium  sulfate  

Acid  phosphate,  1 lb.  (per  100  sq.  ft.) 

Sec.  13 

1 lb. 

in  each  section. 

Sec.  14 
8 lbs. 
2 lbs. 

Sec.  15 
16  lbs. 
4 lbs. 

Sec.  19 

Acid  phosphate  1 lb. 

Potassium  sulfate  1 lb. 

Dried  blood,  4 lbs.  (per  100  sq.  ft.)  in  each  section. 

Sec.  17 
2 lbs. 
2 lbs. 

See.  18 
4 lbs. 
4 lbs. 

Dried  blood  

Acid  phosphate  

Potassium  sulfate 

Sec.  19 

1 lb. 

1 lb. 

Sec.  20 
8 lbs. 
2 lbs. 
2 lbs. 

Sec.  21 
16  lbs. 
4 lbs. 
4 lbs. 

The  treatment  given  these  sections,  as  regards  the  method  of  se- 
lecting and  preparing  the  soil,  and  the  application  of  manure  and  of 
commercial  fertilizers,  has  been  described  on  pages  366  and  367.  By 
increasing  the  amount  of  one,  two,  or  three  of  the  commercial  fer- 
tilizers and  leaving  the  amounts  of  the  remaining  ones  constant,  it 
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was  possible  to  study  the  effect  of  the  different  constituents  and  de- 
termine the  one  most  needed.  If  dried  blood  is  the  fertilizer  most 
needed  in  the  soil  and  for  that  reason  the  growth  of  the  plants  is 
limited,  an  increase  in  the  amount  of  dried  blood  should  cause  a con- 
sistent increase  in  the  flower  production.  Similarly,  if  acid  phos- 
phate is  the  fertilizer  most  needed,  an  increase  should  be  noted  in 
response  to  increasing  amounts  of  acid  phosphate,  or  the  same  result 
with  potassium  sulfate  would  indicate  a deficiency  of  potash  in  the 
soil.  This,  at  least,  would  offer  a simple  explanation  of  a consistent 
increase  in  the  number  of  flowers  or  an  improvement  in  their  quality. 
But  whatever  the  explanation,  an  application  of  fertilizer  yielding 
returns  enough  larger  to  pay  for  its  cost  and  the  labor  involved  in 
applying  it,  with  a good  percentage  of  profit,  is  a good  investment. 

Only  the  average  results  for  all  the  varieties  grown  are  consid- 
ered in  the  discussion  of  this  experiment,  involving,  as  it  does,  a study 
of  the  response  of  carnations  to  different  kinds  of  fertilizers.  It  may 
be  stated  at  this  point,  however,  that  in  general  the  results  of  each 
variety  followed  the  general  averages  given.  Beacon  seemed  to  show 
the  most  erratic  tendency  in  production,  while  White  Perfection 
seemed  least  responsive  to  applications  of  fertilizer  and  Enchantress 
most  responsive.  In  the  second  experiment  (page  373)  where  a com- 
parison of  culture  methods  is  made,  a separate  report  is  given  for 
each  variety.  In  that  set  of  data  is  again  seen  the  small  responsive- 
ness of  White  Perfection  as  compared  with  that  of  White  Enchantress. 

Variation  of  Amount  of  Dried  Blood 

The  results  from  Sections  1,  2,  and  3,  in  which  the  amount  of 
dried  blood  was  successively  increased  from  4 to  8 to  16  pounds,  are 
given  in  Table  1. 


Table  1. — Effect  of  Increasing  Amounts  of  Dried  Blcod  on  Number  and 

Quality  of  Flowers 

(Average  for  three  years) 


Section 

Dried 

blood 

Flowers 

Perfect 

Size 

Length 
of  stem 

Firsts 

lbs. 

No. 

No. 

percent 

inches 

inches 

No. 

percent 

1 

4 

354.7 

291.0 

82.1 

3.06 

16.02 

249 

74.2 

2 

8 

368.8 

306.8 

83.2 

3.05 

15.81 

277 

81.8 

3 

16 

372.3 

316.9 

85.1 

3.00 

15.74 

297 

83.9 

The  term  ‘'perfect”  used  above  refers  to  those  flowers  whose 
calyces  were  perfect  (the  remaining  number  or  percentage  being 
“splits”),  while  the  term  “firsts”  refers  to  those  flowers  the  strength 
of  whose  stems  was  normal. 

Using  the  letter  “ I ” to  indicate  a consistent  increase  in  the  char- 
acter considered,  “ D ” a decrease,  and  “ ? ” to  indicate  that  the  results 
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did  not  show  consistently  an  increase  or  a decrease,  the  results  may 
be  summarized  as  follows: 


Number  of  flowers  I 

Number  of  flowers  with  perfect  calyces I 

Percentage  of  flowers  with  perfect  calyces I 

Number  of  firsts  (stem  strength)  I 

Percentage  of  firsts  (stem  strength)  I 

Size  of  flower  D 

Length  of  stem  D 


The  significance  of  these  results  lies  in  the  fact  that  an  increase 
from  4 to  16  pounds  in  the  amount  of  dried  blood  applied,  caused  the 
number  of  flowers  produced  to  increase,  and  the  size  of  the  flower  and 
the  length  of  the  stem  to  decrease.  These  figures  are  the  average  for 
eight  sets  of  sections,  each  section  containing  24  plants.  Hence  the 
increase  was  nearly  one  flower  per  plant.  In  a house  containing  1,600 
plants,  the  net  increase  would  amount  to  1,200  flowers,  an  increase 
worthy  of  consideration.  On  the  other  hand,  it  is  doubtful  if  a de- 
crease of  six-hundredths  of  an  inch  in  width  of  flower,  or  of  one- 
quarter  of  an  inch  in  length  of  stem,  would  be  at  all  noticeable  un- 
less careful  records  were  kept. 

Without  using  these  data  as  evidence  that  the  extent  to  which 
dried  blood  is  applied  to  carnations  has  any  effect  on  the  splitting  of 
the  flowers,  it  should  be  pointed  out  here  that  both  the  number  and 
the  percentage  of  flowers  with  perfect  calyces  increased  with  increas- 
ing applications  of  dried  blood.  It  is  hardly  reasonable  to  believe, 
then,  that  the  use  of  dried  blood  induces  splitting.  Further  evidence 
that  a moderate  fertilization  Avith  chemicals  does  not  induce  splitting 
is  presented  on  pages  378-79. 

Variation  of  Amount  of  Acid  Phosphate 

The  results  from  the  three  sections  in  which  the  amount  of  acid 
phosphate  only  was  increased  (from  1 to  2 to  4 pounds)  were  as  shown 
in  Table  2. 


Table  2. — Effect  cf  Increasing  Amounts  cf  Acid  Phosphate  on  Number  and 

Quality  of  Flowers 

(Average  for  three  years) 


Section 

Acid 

phos- 

phate 

Flowers 

Perfect 

Size 

Length 
of  stem 

Firsts 

lbs. 

No. 

No. 

percent 

inches 

inches 

No. 

percent 

7 

1 

367.S 

286.6 

77.9 

3.10 

16.03 

334.5 

90.3 

5 

2 

357.5 

282.1 

78.9 

3.09 

15.83 

308.0 

89.2 

6 

4 

368.3 

298.7 

81.1 

3.06 

16.18 

| 310.0 

88.4 
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Using  the  letters  indicated  on  the  preceding  page,  the  results 
may  be  summarized  as  follows: 


Number  of  flowers  ? 

Number  of  flowers  with  perfect  calyces ? 

Percentage  of  flowers  with  perfect  calyces I 

Number  of  firsts  ? 

Percentage  of  firsts D 

Size  of  flower  D 

Length  of  stem  f 


It  will  be  seen  that  the  results  as  a whole  were  not  consistent,  and 
no  conclusion  in  regard  to  the  value  of  acid  phosphate  can  be  drawn 
from  them.  In  each  section  the  same  small  amount  of  dried  blood  (4 
pounds)  was  used.  Since  dried  blood  when  increased  did  produce  a 
consistent  increase  or  decrease  in  each  of  the  points  tabulated  above, 
and  probably  was  the  factor  which  limited  the  production  of  the  flow- 
ers, it  is  not  surprising  that  increasing  amounts  of  acid  phosphate  ap- 
plied in  connection  with  only  small  amounts  of  dried  blood  failed  to 
show  concordant  results.  What  effect  increasing  amounts  of  acid 
phosphate  would  have  when  used  in  connection  with  ample  quantities 
of  dried  blood  is  a different  problem,  requiring  further  investigation. 

Variation  of  Amount  of  Potassium  Sulfate 

The  three  sections  in  which  the  amount  of  potassium  sulfate  only 
was  increased,  while  the  amounts  of  dried  blood  and  acid  phosphate 
were  kept  constant,  gave  the  following  results : 


Table  3. — Effect  of  Increasing  Amounts  of  Potassium  Sulfate  on 
Number  and  Quality  of  Flowers 

(Average  for  three  years) 


Section 

Potas- 

sium 

sul- 

fate 

Flowers 

Perfect 

Size 

Length 
of  stem 

Firsts 

Ihs. 

No. 

No. 

percent 

inches 

inches 

No. 

percent 

7 

1 

367.8 

286.6 

77.9 

3.10 

16.03 

334.5 

90.3 

8 

2 

367.5 

295.2 

80.3 

3.07 

16.02 

315.0 

D2.7 

9 

4 

363.1 

296.9 

81.7 

3.05 

15.99 

336.0 

94.5 

Number  of  flowers  D 

Number  of  flowers  with  perfect  calyces I 

Percentage  of  flowers  with  perfect  calyces I 

Number  of  firsts  (stem  strength)  ? 

Percentage  of  firsts  (stem  strength)  I 

Size  of  flower  I) 

Length  of  stem  D 


For  the  same  reason  as  that  given  in  the  discussion  of  the  results 
with  acid  phosphate,  the  results  here  would  not  be  expected  to  be  of 
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the  same  value  as  they  would  if  a larger  amount  of  dried  blood  had 
been  used.  What  the  effect  would  be  in  that  case  can  only  be  deter- 
mined by  further  experiment;  these  results,  therefore,  do  not  prove 
conclusively  that  the  addition  of  potassium  sulfate  decreases  the  num- 
ber of  flowers  produced. 


The  Importance  of  Dried  Blood 

The  paramount  importance  of  dried  blood  is  shown  in  the  follow- 
ing combinations  of  commercial  fertilizers  by  an  increase  in  the  num- 
ber of  flowers  with  an  increase  in  the  amount  of  dried  blood,  whether 
or  not  the  amounts  of  the  other  fertilizers  were  also  increased. 


Dried  blood  only , increased  No.  of  flowers 

Sec.  1.  4 lbs.  dried  blood  354.7 

Sec.  3.  16  lbs.  dried  blood  372.3 

Dried  blood  and  acid  phosphate  increased 
Sec.  13.  4 lbs.  dried  blood 

1 lb.  acid  phosphate  361.2 

Sec.  12.  16  lbs.  dried  blood 

4 lbs.  acid  phosphate  377.1 

Dried  blood  and  potassium  sulfate  increased 
Sec.  13.  4 lbs.  dried  blood 

1 lb.  potassium  sulfate  361.2 

Sec.  15.  16  lbs.  dried  blood 

4 lbs.  potassium  sulfate  379.1 


Dried  blood,  acid  phosphate,  and  potassium  sulfate  increased 


Sec.  19.  4 lbs.  dried  blood 

1 lb.  acid  phosphate 

1 lb.  potassium  sulfate  352.8 

Sec.  21.  16  lbs.  dried  blood 

4 lbs.  acid  phosphate 

4 lbs.  potassium  sulfate  364.6 


Among  these  sections,  the  three  producing  the  largest  number  of 
flowers  ranked  as  follows: 


First : 

Sec. 

15. 

Dried  blood 

16  lbs. 

No.  of  flowers 

Second : 

Sec. 

12. 

Acid  phosphate  

Potassium  sulfate  

Dried  blood 

1 lb. 

4 lbs. 

16  lbs. 

379.1 

Third: 

Sec. 

3. 

Acid  phosphate  

Potassium  sulfate  

Dried  blood 

4 lbs. 

1 lb. 

377.1 

Acid  phosphate  

Potassium  sulfate  

1 lb. 

1 lb. 

372.3 

Section  21,  having  a treatment  of  dried  blood  16  pounds,  acid 
phosphate  4 pounds,  and  potassium  sulfate  4 pounds,  gave  a some- 
what lower  average  of  364.6  flowers  per  season.  This,  however,  is 
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considerably  higher  than  the  average  of  the  adjoining  check  section 
with  which,  because  of  the  sameness  of  greenhouse  conditions,  it  is 
most  fairly  compared. 

The  average  size  of  the  flowers  from  the  four  sections  in  which  a 
heavy  fertilization  with  dried  blood  was  common  to  all  is  shown  in  the 
following  tabulation.  For  the  purpose  of  comparison  there  is  also 
given  the  average  size  of  the  flowers  produced  on  all  the  fertilized 
sections  and  of  those  produced  on  the  four  unfertilized  sections. 


Sec.  3.  Dried  blood  16  lbs. 

Acid  phosphate  1 lb. 

Potassium  sulfate  1 lb. 

Sec.  21.  Dried  blood  16  lbs. 

Acid  phosphate 4 lbs. 

Potassium  sulfate  4 lbs. 

Sec.  15.  Dried  blood  16  lbs. 

Acid  phosphate  1 lb. 

Potassium  sulfate 4 lbs. 

Sec.  12.  Dried  blood  16  lbs. 

Acid  phosphate 4 lbs. 

Potassium  sulfate  1 lb. 

All  fertilized  sections • 

Unfertilized  sections  


Average  size  of 
flower,  inches 


3.00 

3.02 

3.02 


3.05 

3.05 

3.06 


It  is  evident  that  the  use  of  a large  amount  of  dried  blood  was 
the  factor  concerned  in  the  production  of  smaller  flowers.  It  seems 
that  dried  blood,  up  to  the  limit  where  overfeeding  sets  in,  causes  the 
number  of  flowers  to  increase  and  the  average  size  of  the  individual 
flowers  slightly  to  decrease. 

In  connection  with  this  discussion  it  is  well  to  draw  a compari- 
son between  the  average  results  obtained  from  all  the  fertilized  sec- 
tions and  those  obtained  from  four  sections  which  received  no  treat- 
ment other  than  an  initial  application  of  125  pounds  of  well-rotted 
manure  per  100  square  feet.  The  results  are  given  below. 


Table  4. — Number  and  Quality  of  Flowers  from  Fertilized  and  from 
Unfertilized  Sections 

(Average  for  three  years) 


Number  of 
sections 

Flowers 

per 

section 

Perfect 

Size 

Length 
of  stem 

Firsts 

No. 

No. 

percent 

inches 

inches 

No. 

percent 

Four  unfertilized .... 

308.8 

226.0 

73.2 

3.06 

15.06 

283.2 

88.2 

Eighteen  fertilized . . . 

364.1 

302.5 

83.1 

3.05 

15.03 

298.1 

86.1 

COMPARISON  OF  COMMERCIAL  FERTILIZERS  AND 

MANURE 

Pending  further  investigation  into  the  value  of  acid  phosphate 
and  potassium  sulfate  used  in  connection  with  ample  amounts  of  dried 
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blood  (or  some  other  fertilizer  which  supplies  nitrogen),  it  was 
thought  advisable  to  test  the  value  of  commercial  fertilizers  in  carna- 
tion culture  by  a comparison  with  natural  manure.  For  this  purpose 
8 pounds  of  dried  blood  per  year  per  100  square  feet  of  bench  space 
was  chosen  as  representing  a moderate  application  on  the  brown  silt 
loam  soil  used  at  the  Experiment  Station,  and  therefore  probably  a 
safe  one  on  any  soil  in  the  state.  Two  pounds  each  of  acid  phosphate 
and  potassium  sulfate  were  used  tentatively,  altho  investigation  has 
not  yet  shown  the  best  amount  of  either  to  use,  nor  even  the  necessity 
for  using  either. 

In  this  experiment  1,056  plants,  occupying  as  many  square  feet 
of  bench  space,  were  used,  two  benches  being  planted  with  White  En- 
chantress and  two  with  White  Perfection.  Each  bench  was  divided 
into  two  sections,  and  the  treatments  arranged  in  such  a way  as  would 
tend  to  equalize  the  effects  of  unequal  temperature  and  illumination. 
The  following  diagram  indicates  the  arrangement  of  sections  in  the 
benches  used  for  either  variety.  Each  section  measured  4 by  33  feet 


Commercial  Fertilizer 

Manure 

Manure 

Commercial  Fertilizer 

and  contained  132  plants.  Hence,  of  each  variety,  264  plants  were 
used  for  culture  with  manure  and  the  same  number  for  culture  with 
commercial  fertilizers,  a total  of  528  plants  under  each  culture  method. 

Fertilization  of  the  Sections 

A preliminary  experiment  was  run  during  the  season  October, 
1910,  to  May,  1911,  inclusive,  with  White  Enchantress.  At  the  end 
of  the  season,  the  number  of  flowers  produced  by  the  two  treatments 
was  as  follows : 


Culture  with  manure: 

Flowers  per  264  plants 3889 

Flowers  per  plant 14.7 

Culture  with  commercial  fertilizers: 

Flowers  per  264  plants 4084 

Flowers  per  plant 15.4 


In  this  experiment  the  culture  with  the  manure  was  as  follows: 

(1)  An  application  of  250  pounds  of  well-rotted  manure  per 
100  square  feet  was  made  before  the  plants  were  set  in. 

(2)  Liquid  cow  manure  (made  as  described  on  page  375)  was 
applied  at  the  rate  of  8 gallons  per  100  square  feet,  on  the  following 
dates:  December  21,  January  11,  February  18,  March  13,  March  27, 
April  4,  and  April  24. 

(3)  Mulches  of  sheep  manure,  at  the  rate  of  about  12  pounds 
per  100  square  feet,  were  applied  on  January  17  and  March  2. 

The  results  showed  a clear  advantage  in  favor  of  culture  with 
commercial  fertilizers. 

In  1911-12  and  the  following  year,  the  applications  of  cow  and 
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liquid  manure,  and  of  sheep  manure  mulches  were  increased  as  des- 
cribed in  the  next  paragraphs. 

Manure  Treatment. — The  sections  under  culture  with  manure 
were  treated  with  an  initial  application  of  well-rotted  manure  (con- 
taining 44.4  percent  moisture)  as  follows: 

Per  100  sq.  ft.  of  bench  space 312.5  lbs. 

Or  per  section  412.5  lbs. 

In  addition,  these  sections  received  thirteen  applications  of  liquid 
manure  at  the  following  rate : 

Per  100  sq.  ft.  of  bench  space  13.6  gals. 

Or  per  section  18.0  gals. 

The  applications  were  made  on  the  following  dates  r1  November  3, 
November  25,  December  9,  16,  28,  January  12,  20,  31,  February  17, 
24,  March  20,  April  4 and  16. 

This  liquid  manure  was  made  by  allowing  % bushel  of  fresh  cow 
manure  to  soak  for  a day  in  50  gallons  of  water.  The  supernatant 
liquid  was  drawn  off  and  used,  after  which  the  barrels  were  refilled 
and  the  contents  allowed  to  ferment  for  about  two  weeks  before  being 
used. 

These  sections  also  received  mulches  of  sheep  manure  as  follows : 


November  13:  Per  100  sq.  ft.  of  bench  space 11  lbs. 

Or  per  section  (7473.1  gms.)  16.5  lbs. 

December  2:  Same  as  November  13 

March  2:  Per  100  sq.  ft.  of  bench  space 7 lbs. 

Or  per  section (4906.5  gms.)  11  lbs. 


Commercial  Fertilizer  Treatment. — The  sections  under  culture 
with  commercial  fertilizer  received  an  initial  application  of  manure 
from  the  same  lot  as  the  preceding  sections,  as  follows : 


Per  100  sq.  ft.  of  tench  space  125  lbs. 

Or  per  section  165  lbs. 


This  was  applied  for  the  purpose  of  keeping  the  soil  mellow  and 
promoting  bacterial  action. 

In  addition,  these  sections  received  an  initial  application  of  com- 
mercial fertilizer  as  follows : 


Dried  blood  per  100  sq.  ft.  of  bench  space 2 lbs. 

” per  section  (1196.8  gms.)  2.64  lbs. 

Acid  phosphate  per  100  sq.  ft.  of  bench  space 2 lbs. 

per  section  (1196.8  gms.)  2.64  lbs. 

Sulfate  of  potash  per  100  sq.  ft  of  bench  space 2 lbs. 

” ” ” per  section  (1196.8  gms.)  2.64  lbs. 


On  November  1-2,  December  21-22,  and  February  13-15,  further 
additions  of  2 pounds  of  dried  blood  per  100  square  feet  of  bench 
space  were  made.  These  four  applications  constituted  the  entire  treat- 
ment, so  far  as  fertilization  was  concerned,  thruout  the  year. 

aBoth  these  dates  and  the  dates  given  for  applications  of  sheep  manure  and 
commercial  fertilizer  are  for  the  year  1911-12.  During  the  second  year,  1912-13, 
the  selection  and  treatment  of  the  soil  and  the  time  and  amount  of  applications  of 
manure  or  commercial  fertilizer  were  duplicated  as  nearly  as  possible,  the  date  in 
no  case  varying  more  than  three  days  from  that  of  the  previous  year. 
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The  dried  blood  used  in  this  experiment  contained  13.66  percent 
nitrogen ; the  acid  phosphate,  7.03  percent  phosphorus ; and  the  sulfate 
of  potassium,  41.96  percent  potassium. 

Comparison  of  Number  of  Flowers  Produced 

A comparison  of  the  number  of  flowers  produced  during  1911-12 
and  1912-13  under  the  two  treatments  is  shown  in  Table  5.  The  flow- 
ers were  picked  every  morning  (with  the  exception  of  Sundays  and 
holidays)  and  put  into  water.  Records  were  taken  on  the  afternoon 
of  the  same  day.  It  will  be  noted  that  in  the  total  production  of  both 
varieties  for  the  two  years  there  was  a difference  of  only  four  flowers 
between  the  two  treatments. 


Table  5. — Number  of  Flowers  from  Manure  and  from  Commercial  Fertilizer 

Sections,  1911-13 


Treatment 

1911-12 

1912-13 

Average 

1911-13 

White  Enchantress 

Manure : 

Flowers  per  264  plants 

3400 

4612 

4006 

Flowers  per  plant  

12.9 

17.4 

15.3 

Commercial  fertilizers : 

Flowers  per  264  plants 

3473 

4647 

4060 

Flowers  per  plant 

13.1 

17.6 

15.4 

White  Perfection 


Manure : 

Flowers  per  264  plants 

3730 

4348 

4039 

Flowers  per  plant 

14.1 

16.4 

15.3 

Commercial  fertilizers : 

Flowers  per  264  plants 

3778 

4200 

3989 

Flowers  per  plant 

14.3 

15.9 

15.1 

Both  Varieties 


Manure : 

Flowers  per  528  plants 

7130 

8960 

8045 

Flowers  per  plant  

13.5 

16.9 

15.2 

Commercial  fertilizers : 

Flowers  per  528  plants 

7251 

8847 

8049 

Flowers  per  plant  

13.7 

16.3 

15.2 

Comparison  of  Quality  of  Flowers 

The  data  on  three  of  the  points  noted  in  the  records  in  regard 
to  the  quality  of  the  flowers  produced,  viz.,  size  of  flower,  length  of 
stem,  and  percentage  of  flowers  with  normally  strong  stems  are  shown 
in  Table  6. 
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Table  6. — Quality  cf  Flowers  from  Manure  and  from  Commercial  Fertilizer 

Sections,  1911-13 


Treatment 

Size  of 
flower 

Length 
of  stem 

Strong  stems 

White  Enchantress 

Mflnnrft  

inches 

3.22 

3.22 

inches 

15.42 

14.88 

percent 

88.6 

87.5 

Commercial  fertilizers  

White  Perfection 

Manure  

3.00  | 15.63 

2.98  j . 15.45 

84.6 

84.5 

Commercial  fertilizers  

Both  Varieties 

Manure  

3.11 

3.10 

15.52 

15.17 

86.6 

86.0 

Commercial  fertilizers  

With  each  variety,  the  size  of  flower  and  the  percentage  of  total 
number  with  strong  stems  were  practically  the  same  under  each  treat- 
ment. The  average  length  of  stem  was  about  % inch  longer  under 
culture  with  manure.  The  data  in  regard  to  this  point,  however,  are 
not  so  accurate  as  the  others,  since  in  breaking  a flower  a picker  might 
occasionally  choose  any  one  of  two  or  three  nodes  and  thereby  cause 
the  stem  length  to  vary  as  much  as  three  inches. 

Effect  of  Commercial  Fertilizers  on  the  Keeping  Quality  of  Flowers 

The  statement  is  made  at  times  that  carnations  when  raised  with 
chemicals  do  not  have  a keeping  power  equal  to  that  of  carnations 
grown  with  manure.  For  this  reason  records  were  kept  of  the  flowers 
raised  by  each  method  during  the  years  1911-12  and  1912-13. 

On  Monday  of  each  week  beginning  January  13  and  ending 
March  24  (ten  weeks),  twenty  flowers,  or  thereabouts,  were  selected 
from  each  treatment.  Care  was  taken  to  secure  normally  healthy  flow- 
ers of  that  day’s  crop.  Only  strong-stemmed  flowers  having  no  im- 
perfection in  the  calyx  or  corolla  were  chosen.  The  stems  were  cut 
to  a uniform  length  (12  inches),  and  the  flowers  placed  in  tall  vases 
in  the  flower  cellar,  which  was  kept  at  an  average  temperature  of  50° 
F.  The  water  was  changed  daily  but  the  stems  were  not  cut.  The 
figures  in  Table  7 indicate  the  average  length  of  time  that  elapsed  be- 
fore the  flowers  had  wilted  or  gone  to  sleep.  Records  were  taken  each 
morning. 


Table  7. — Effect  of  Manure  and  of  Commercial  Fertilizers  on  the  Keeping 

Quality  of  Flowers 


Culture 

Number  of  days  between  picking  and  wilting 

1911-12 

1912-13 

Manure 

16.30 

15.97 

14.30 

13.70 

Commercial  fertilizer  

Difference  

.33 

.60 
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In  this  experiment,  where  there  was  no  excessive  forcing,  the 
keeping  power  of  the  flowers  was  evidently  not  affected  greatly  by  the 
source  of  plant  food. 

During  the  year  1909-10  a series  of  similar  experiments  was  con- 
ducted which  tested  the  keeping  quality  of  flowers : (1)  when  fed  with 
a small  amount  of  manure  and  no  commercial  fertilizers,  (2)  when 
fed  with  the  same  amount  of  manure  and  moderate  amounts  of  com- 
mercial fertilizers,  up  to  twice  those  mentioned  on  page  375,  and  (3) 
when  fed  with  four  times  the  amount  of  one  or  the  other  of  the  fer- 
tilizers used  in  the  experiment  from  which  the  data  above  were  se- 
cured, with  the  same  small  amount  of  manure  as  in  the  other  experi- 
ments. The  following  results  were  obtained : 


Table  8. — Effect  of  Variation  of  Amounts  of  Commercial  Fertilizer  on  the 
Keeping  Quality  of  Flowers 


Application 

Number 

of  days  between  picking  and  wilting 

Nitrogen 

Phosphorus 

Potassium 

Average 

No  chemicals  .... 

10.7 

Moderate  

10.6 

9.6 

’ 9.9 

9.8 

Excessive  

8.5 

9.5 

9.3 

9.1 

The  moderate  forcing  of  the  plants  led  to  a slight  decrease  in 
their  keeping  power,  which  was  further  reduced  by  excessive  forcing. 
The  decrease  was  so  small,  however,  that  it  is  hardly  necessary  to  fear 
this  result  from  the  moderate  use  of  commercial  fertilizers. 

Relation  of  Feeding  to  Splitting  in  Carnations 

In  order  to  ascertain  whether  there  was  any  relation  between 
feeding  and  splitting  in  carnations,  a record  was  kept  thruout  this 
experiment  of  the  number  of  split  calyces  that  appeared.  The  num- 
ber of  flowers  with  perfect  calyces  is  shown  in  Table  9. 

The  agreement  in  the  percentages  for  the  two  culture  methods  is 
clear  enough  proof  that  the  tendency  to  split  is  not  increased  by  cul- 
ture with  commercial  fertilizers.  Nor  is  it  decreased.  Indeed,  the  fig- 
ures offer  conclusive  evidence  that  splitting  has  no  relation  to  the  ma- 
terials from  which  the  food  supply  is  maintained.  The  series  of 
experiments  carried  on  from  1909  to  1912  with  Beacon,  Enchantress, 
and  White  Perfection  varieties  (pages  367-73)  gave  the  following 
results : 

(1)  Those  sections  to  which  only  a small  amount  of  manure  and 
no  fertilizer  was  applied,  and  which  produced  an  abnormally  small 
number  of  flowers  (9.4  per  plant  for  seven  months),  averaged  73.2 
percent  with  perfect  calyces. 

(2)  Those  sections  to  which  was  applied  only  one-half  the 
amount  of  commercial  fertilizer  applied  in  the  experiment  described 
on  page  375  (and  which  produced  an  average  of  12.2  flowers  per  plant 
for  seven  months)  averaged  81.9  percent  perfect  calyces. 

(3)  The  average  flower  production  of  all  the  sections  to  which 
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fertilizer  was  applied  was  12.6  blossoms  per  plant  for  each  season  of 
seven  months.  Of  this  number  83.1  percent  had  perfect  calyces. 

These  results  indicate  that  when  plants  are  underfed  there  is  a 
somewhat  greater  tendency  for  the  flowers  to  split. 


Table  9. — Number  of  Flowers  with  Perfect  Calyces  Produced  with  Manure 
and  with  Commercial  Fertilizers 


Treatment 

1911-12 

1912-13 

Total 

White  Enchantress 

Manure 

3150 

4076 

7226 

Percent  of  total 

92.6 

88.4 

90.5 

Commercial  fertilizer  

3210 

4237 

7447 

Percent  of  total 

92.4 

91.2 

91.8 

White  Perfection 


Manure 

3350 

3837 

7187 

Percent  of  total 

89.8 

88.2 

89.0 

Commercial  fertilizer  

3412 

3734 

7146 

Percent  of  total 

90.3 

88.9 

89.6 

Both  Varieties 


Manure 

6500 

7913 

14413 

Percent  of  total 

91.2 

88.3 

89.5 

Commercial  fertilizer  

6622 

7971 

14593 

Percent  of  total 

91.3 

90.1 

90.6 

On  the  other  hand,  in  the  sections  where,  during  1912-13,  large 
quantities  of  fertilizer  (about  30  pounds,  in  weekly  portions)  were 
applied, — in  the  case  of  dried  blood  and  potassium  sulfate,  sufficient 
to  ruin  the  majority  of  flowers  produced  after  February  (page  385), 
— the  percentage  of  flowers  with  perfect  calyces  was  as  follows : 


Large  amount  of  dried  blood 91.8  percent  perfect 

Large  amount  of  sulfate  of  potassium  89.1  percent  perfect 


The  flowers  grown  with  moderate  amounts  of  fertilizer  averaged  84.3 
percent  with  perfect  calyces ; those  grown  with  large  amounts  of  acid 
phosphate,  without  injury  to  the  flowers,  (page  384)  averaged  87.9 
percent  with  perfect  calyces.  These  figures  are  averages  for  the  varie- 
ties White  Perfection  and  Enchantress.  The  number  of  “splits”  in 
those  sections  receiving  a moderate  application  of  ammonium  sulfate 
was  not  unusually  large. 

From  a practical  standpoint,  the  fact  to  be  emphasized  is  that  a 
moderate  application  of  commercial  fertilizers  will  not  cause  an  in- 
crease in  splitting. 

Influence  of  Fertilizing  on  Time  of  Maximum  Crop  Production 

The  profit  to  be  realized  from  the  sale  of  a crop  of  carnations  de- 
pends largely  on  its  seasonableness.  This  is  illustrated  by  the  weekly 
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schedule  of  wholesale  prices  for  the  year  October  1,  1911,  to  October 
1,  1912.  During  the  season  October  21  to  February  24,  the  prices 
averaged  $3  per  hundred  for  flowers  rated  as  ‘ ‘ first  quality  ’ ’ ; during 
the  period  March  2 to  June  15,  the  prices  averaged  $2  per  hundred ; 
and  from  June  15  to  October  14,  $1  to  $1.50  per  hundred.  This  even 
scale  of  prices,  however,  was  broken  by  a sharp  rise  in  price  near 
Thanksgiving,  a larger  one  at  Christmas  and  New  Year’s  season,  and 
another  at  Easter  time.  The  higher  prices  at  these  times  are  coupled 
with  a larger  demand,  and  the  florist  who  is  able  to  bring  his  carna- 
tions into  crop  to  meet  this  demand  can  realize  a profit  some  hundred 
percent  greater  than  he  otherwise  could,  and  with  no  extra  amount  of 
stock.  The  occasional  experience  of  most  growers  of  having  few  flow- 
ers just  before  Christmas  and  New  Year’s,  but  an  abundance  about 
the  middle  of  January,  when  prices  are  50  percent  lower,  is  an  illus- 
tration in  point.  For  this  reason  it  is  worth  while  to  study  the  vari- 
ous factors  wdiich  control  the  time  of  maximum  crop  production. 

In  order  to  throw  some  light  on  the  feasibility  of  controlling  the 
time  of  cropping  by  the  application  of  fertilizers  either  at  a certain 
time  or  of  a more  or  less  concentrated  kind,  the  results  from  each  of 
the  two  different  treatments  used  in  this  experiment  were  averaged 
weekly.  Under  one  treatment,  as  stated  previously,  liquid  manure  or 
some  other  fertilizer  in  dilute  form  was  applied  approximately  each 
week;  in  the  other,  applications  of  concentrated  fertilizer  were  made 
at  four  periods  during  the  season,  and  approximately  eight  weeks 
apart.  Now  if  the  time  of  application  or  the  concentration  of  the 
plant  food  does  markedly  affect  the  time  of  cropping,  the  weekly  rec- 
ords of  the  two  series  should  show  a marked  difference. 

In  Fig.  1 is  shown  a graphic  representation  of  the  results  ob- 
tained with  White  Enchantress.  The  units  on  the  diagram  from  left 
to  right  represent  the  weeks  of  the  season  September  12  to  June  1, 
1912-13,  during  which  records  were  taken,  and  the  height  of  the  line 
each  week  represents  the  production  for  that  week.  The  solid  line 
represents  the  results  from  the  sections  treated  with  manure  (D- 
Sections),  and  the  broken  one,  from  those  treated  with  commercial 
fertilizers  (E-Sections).  The  curves  are  so  nearly  identical  that  it 
is  clear  that  the  time  of  maximum  crop  production  cannot  be  varied 
greatly  by  the  form  of  plant  food  used  nor  by  the  time  of  its  appli- 
cation. 

The  curves  for  White  Perfection  (Fig.  2)  show  a more  nearly  even 
production  than  those  for  White  Enchantress.  The  time  between  two 
periods  of  high  production  is  the  same  for  both  varieties,  thirteen  to 
fourteen  weeks. 

USE  OF  AMMONIUM  SULFATE  AND  ROCK  PHOSPHATE 

That  ammonium  sulfate  in  proper  amounts  may  be  used  with  as 
good  results  as  dried  blood  is  evident  from  the  following  figures,  which 
show  the  average  production  of  flowers  of  the  varieties  Beacon,  En- 
chantress, and  White  Perfection  during  a seven  months’  season  of  the 
years  1909-12. 


VeeKly  Plower  Production  1912*45 
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1909-10 

1910-11 

1911-12 

Dried  blood  per  100  sq.  ft 

8 lbs. 

16  lbs. 

Number  of  flowers  per  24  plants 

.354.7 

368.8 

372.3 

Sulfate  of  ammonia  per  100  sq.  ft 

. . 3 lbs. 

6 lbs. 

12  lbs. 

Number  of  flowers  per  24  plants 

.360.4 

361.6 

374.8 

These  figures  are  as  nearly  the 

same  as 

could  be  expected.  The 

quality  of  the  flowers,  judged  in  the  usual  manner,  was  about  the 
same  in  both  cases. 

The  production  of  flowers  in  a similar  experiment  in  which  acid 
phosphate  and  rock  phosphate  were  used  as  sources  of  phosphorus  was 
as  follows : 


1909-10 

Acid  phosphate  per  100  sq.  ft 1 lb. 

Number  of  flowers  per  24  plants 367.8 


1910-11  1911-12 

2 lbs.  4 lbs. 

357.5  368.3 


Rock  phosphate  per  100  sq.  ft 4 lbs.  8 lbs.  16  lbs. 

Number  of  flowers  per  24  plants 342.7  364.2  363.2 

Neither  the  results  from  increasing  the  acid  phosphate  nor  from 
increasing  the  rock  phosphate  showed  any  consistent  variation.  As 
stated  previously  (page  371),  these  inconsistencies  might  not  have  ap- 
peared if  an  ample  amount  of  dried  blood  had  been  present.  Until, 
this  point  is  settled  by  experiment,  nothing  can  be  determined  in  re- 
gard to  the  relative  value  of  the  two  materials  supplying  phosphorus. 


EFFECT  OF  LARGE  AMOUNTS  OF  ACID  PHOSPHATE 

The  effect  of  applying  large  amounts  of  acid  phosphate  was  tested 
during  the  year  1912-13  with  White  Perfection  and  Enchantress.  To 
one  section  of  each  variety  there  were  applied  weekly  about  2% 
pounds  of  acid  phosphate  per  100  square  feet  of  bench  space,  and 
during  the  season,  8 pounds  of  dried  blood  (twice  the  amount  applied 
in  the  experiment  with  acid  and  rock  phosphate  just  considered)  and 
2 pounds  of  potassium  sulfate.  The  ‘ ‘ check  ’ ’ section  was  treated  with 
like  amounts  of  dried  blood  and  potassium  sulfate  and  a single  ap- 
plication of  2 pounds  of  acid  phosphate.  In  each  section  40  plants 
were  grown.  The  results  are  given  in  Table  10. 

These  results,  obtained  from  one  year’s  experiment,  mean  that  on 
the  same  basis  100  plants  of  Enchantress  would  produce  225  more 
flowers  by  these  additional  applications  -of  acid  phosphate.  At  the 
average  value  of  carnations,  say  $3  per  hundred  (the  flowers  in  this 
section  were  of  the  very  best  quality),  these  additional  blossoms  would 
return  a gross  profit  of  $6.75.  As  the  cost  of  enough  acid  phosphate  to 
treat  100  plants  in  this  way  (at  $15  per  ton)  is  56  cents,  the  net  profit 
would  be  $6.19,  or  1,000  percent  profit  on  the  investment  (the  cost  of 
labor  is  negligible  in  comparison  with  the  percentage  of  profit).  With 
White  Perfection  the  gross  profit  per  100  plants  producing  at  the  in- 
creased rate  would  be  $2.25,  the  net  profit  $1.69,  or  200  percent  on  the 
investment. 
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Table  10. — Effect  of  Large  Amounts  of  Acid  Phosphate  on  Number  and 


Quality  of  Flowers 

Treatment 

Flowers 

Perfect 

calyces 

Size 

Length 
of  stem 

White  Perfection 

‘ 1 Check  * ’ 

Large  amount  of  acid  phosphate 

No. 

597 

628 

'percent 

86.5 

89.0 

inches 

2.91 

2.95 

inches 

14.39 

13.78 

Difference 

81 

Enchantress 

“Check” 

Large  amount  of  acid  phosphate 

678 

768 

82.1 

86.8 

3.18 

3.19 

14.55 

14.42 

Difference 

90 

... 

... 

.... 

The  flowers  grown  in  the  heavily  fertilized  sections  were  of  excel- 
lent quality.  How  they  compared  with  those  from  the  check  sections 
is  shown  in  Table  10. 

The  stems  of  the  plants  in  the  phosphate  sections  were  noticeable 
for  their  brittleness,  both  at  the  nodes  and  between;  they  were  re- 
markably rigid  and  had  a large  diameter.  It  is  possible  in  this  case 
that  the  brittleness  was  due  to  the  deficiency  of  potash  in  the  fertil- 
izer in  comparison  with  nitrogen  and  phosphorus,  rather  than  to  the 
large  amount  of  phosphorus. 

DANGER  FROM  OVERFEEDING 

In  contrast  with  the  results  obtained  from  heavy  fertilization 
with  acid  phosphate,  marked  injury  resulted  from  like  heavy  applica- 
tions of  dried  blood  and  potassium  sulfate.  Two  sections,  one  of  White 
Perfection  and  one  of  Enchantress,  containing  40  plants  each,  were 
each  treated  weekly  with  2%  pounds  of  dried  blood  per  100  square 
feet  of  bench  space.  Two  similar  sections  were  each  treated  with  2% 
pounds  of  potassium  sulfate  weekly.  To  each  of  these  four  sections  an 
application  of  8 pounds  of  dried  blood,  2 pounds  of  acid  phosphate, 
and  2 pounds  of  potassium  sulfate  per  100  square  feet  was  made  in 
the  fall.  The  check  sections  were  the  same  sections  described  under 
the  preceding  heading.  They  received  only  8 pounds  of  dried  blood,  2 
pounds  of  acid  phosphate,  and  2 pounds  potassium  sulfate  during  the 
year.  The  first  application  was  made  on  October  4 and  the  last  on 
April  25. 

No  harmful  results  were  noted  before  about  the  first  of  the  year. 
On  December  16  the  various  sections  had  produced  flowers  in  the 
numbers  shown  in  Table  12. 

A noticeably  larger  number  of  flowers  had  been  produced  in  the 
sections  fed  with  an  excess  of  dried  blood  than  in  the  check  sections. 
About  January  13,  however,  the  first  sign  of  overfeeding  in  both 
treatments  was  noticed,  when  the  petals  began  browning  at  the  edges, 
the  center  of  the  blossoms  did  not  open,  and  many  buds  remained 
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Table  12. — Effect  of  Early  Stages  of  Overfeeding  on  Number  of  Flowers 


Treatment 


Flowers 


White  Perfection 


Excess  dried  blood 
Excess  sulfate  of  potash 
4 ‘Check’ ’ 


No. 

264 

238 

219 


Enchantress 


Excess  dried  blood 


Excess  sulfate  of  potash 
‘ ‘ Check  ’ ’ 


242 

209 

218 


closed.  In  two  weeks  the  flowers  were  ruined,  hardly  a salable  blos- 
som being  present.  The  plants  overfed  with  dried  blood  later  re- 
covered, but  those  overfed  with  potassium  sulfate  were  ruined  for  the 
season. 

The  point  to  emphasize  in  regard  to  injury  by  overfeeding  with 
dried  blood  or  potassium  sulfate  is  that  the  first  sign  is  on  the  petals 
themselves ; consequently  the  flowers  are  ruined  when  the  overfeeding 
is  discovered.  The  way  to  avoid  overfeeding  is  to  follow  directions 
strictly  as  to  the  amount  of  fertilizer  to  apply,  and  to  see  that  the  fer- 
tilizer is  weighed  out.  It  must  be  remembered  that  “ where  a little  is 
good,  more  is  better’ 9 is  not  applicable  to  the  use  of  fertilizers  in  the 
greenhouse. 

Symptoms  of  Overfeeding 

The  later  stages  of  injury  due  to  dried  blood  and  potassium  sul- 
fate are  quite  characteristic  for  each  fertilizer.  As  has  been  stated 
above,  acid  phosphate  applied  in  large  quantities  produced  no  injury. 

Flowers  from  plants  overfed  with  dried  blood  become  quite  soft, 
and  if  watered  overhead  during  sunshine,  will  show  brown  spots  on 
the  petals  where  a drop  of  water  has  stood.  A little  later  the  flowers 
are  characterized  by  a peculiar  bunching  of  the  center  petals,  leaving 
only  a double  row  or  so  of  petals  open  as  in  normal  condition.  Later 
buds  do  not  open,  the  flowers  remaining  stationary  after  the  petals 
have  shown  a half-inch  above  the  calyx.  The  foliage  assumes  a deep 
green  color,  with  abundant  “bloom,”  and  growth  is  normal  for  a 
time.  Continued  feeding,  however,  causes  a retardation  in  growth. 
Carnation  plants  overfed  with  dried  blood  will  gradually  recover. 

The  injury  from  equal  applications  of  potassium  sulfate  is  more 
pronounced  and  more  persistent.  The  first  sign  of  injury  is  a crink- 
ling of  the  edges  of  the  inner  petals,  some  brown  spots  appear,  and  at 
times  the  edges  of  the  petals  are  withered.  This  stage  is  followed  by 
a stage  in  which  the  center  petals  fail  to  open,  being  glued  by  a syrupy 
secretion.  For  this  reason  the  later  buds  never  open.  An  interesting 
abnormality  is  found  in  buds  thus  swelled  beyond  normal  diameter 
and  not  opened,  yet  with  the  pistil  projecting  an  inch  beyond  the  bud. 
In  addition  to  the  effect  upon  the  flowers,  the  injury  from  potassium 
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sulfate  is  manifested  by  a marked  retardation  in  the  growth  of  the 
plant.  The  leaf  tips  gradually  die,  but  the  leaves  altho  somewhat 
thinner  than  normal  develop  to  a nearly  normal  width  and  length. 
The  internodes  of  developing  shoots,  however,  seem  to  lose  their  power 
of  elongation,  and  this,  coupled  with  the  nearly  normal  length  of  the 
leaves,  combines  to  produce  a “rosette”  structure  (see  Fig.  3). 


Fig.  3. — “Bosette”  Formation  of  Carnation  Due  to  Overfeeding  with 
Potassium  Sulfate 

CONCLUSIONS 

Experimental  work  of  a character  extensive  enough  to  produce 
conclusive  results  has  established  the  facts  that  dried  blood  (or  in  its 
place  ammonium  sulfate),  acid  phosphate,  and  potassium  sulfate  may 
safely  be  used  in  the  culture  of  carnations.  On  the  brown  silt  loam 
of  the  corn-belt  area  of  Illinois,  nitrogenous  fertilizers  have  produced 
a consistent  increase  in  production,  and  nitrogen  may  be  regarded 
as  the  limiting  element  of  growth.  There  are  indications  that  acid 
phosphate  (supplying  phosphorus),  if  used  with  a nitrogenous  fer- 
tilizer, will  cause  a still  further  increase  in  production  and  an  im- 
provement in  quality  as  well. 

The  quality  of  flowers  produced  by  culture  with  commercial  fer- 
tilizers, as  measured  by  size  of  flower,  length  of  stem,  percentage  with 
perfect  calyces,  keeping  power  and  strength  of  stem,  is  equal  to  that 
of  those  grown  with  manure. 

The  time  of  maximum  crop  production  is  independent  of  the 
kind  of  fertilizer  applied  and  the  time  of  its  application. 

Injury  from  overfeeding  results  from  the  excessive  use  of  potas- 
sium sulfate  and  dried  blood.  The  use  of  large  quantities  of  acid 
phosphate,  however,  seems  to  improve  the  quality  of  the  flowers  and  to 
increase  their  number. 
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able discoveries  of  modern  times.  Page  389 

2.  Earlier  investigations  have  shown  that  radium  may  affect  the  physio- 
logical processes  of  plants.  Page  390 

3.  Some  conclusions  have  been  drawn  from  rather  discordant  data,  to  the 

effect  that  radium  is  a wonderful  crop  stimulant  and  that  the  application  of 
radio-active  material  to  the  soil  is  a profitable  procedure  for  the  gardener  or 
farmer.  Page  391 
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5.  The  trustworthy  results  from  two  years  of  field  trials  by  the  Illinois 
Experiment  Station  show  that  radium  applied  at  a cost  of  $1,  $10,  or  $100  per 
acre  produced  no  effect  upon  the  crop  yields  either  the  first  or  the  second  season. 
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RADIUM  AS  A FERTILIZER 


By  CYRIL  G.  HOPKINS,  Chief  in  Agronomy  and  Chemistry,  and 
WARD  H.  SACHS,  Associate  in  Chemistry 

With  the  discovery  of  radio-activity  by  Becquerel  in  1896,  and 
of  radinm  itself  by  M.  and  Mme.  Curie  in  1898,  science  revealed  a 
property  of  matter  and  a source  of  energy  hitherto  unknown;  and 
the  facts  already  established,  the  predictions  or  claims  made,  and  the 
general  interest  in  the  subject  seemed  to  justify  an  investigation  under 
field  conditions  of  the  possible  value  of  radium  as  a fertilizer,  or  of 
radio-activity  as  a crop  stimulant. 

THE  CHEMICAL  ELEMENTS 

All  matter  is  composed  of  chemical  elements,  which  are  considered 
permanent  or  indestructible,  altho  they  may  change  their  form  physi- 
cally and  may  enter  into  various  compounds  chemically.  Thus  car- 
bon (C)  occurs  in  the  free  state  in  the  diamond,  in  graphite,  and  in 
coal.  It  also  occurs  in  solid  compounds,  such  as  limestone  (CaC03) 
and  sugar  (C12H22011)  ; in  liquid  form,  as  carbon  disulfid  (CS2), 
benzene  (C6H6),  chloroform  (CHC13),  etc.;  and  in  many  gases,  such 
as  carbon  dioxid  (C02),  marsh  gas  (CHJ,  acetylene  (C2H2). 

About  eighty  chemical  elements  have  been  found,  but  most  of  them 
are  very  rare  and  only  ten  are  known  to  be  essential  for  crop  produc- 
tion. They  are:  carbon  and  oxygen,  secured  thru  the  leaves  from 
the  carbon  dioxid  of  the  air ; hydrogen,  from  water  absorbed  by  the 
roots;  and  seven  elements  secured  from  the  soil — nitrogen,  phos- 
phorus, potassium,  calcium,  magnesium,  iron,  and  sulfur.  Legume 
crops  may  also  secure  nitrogen  from  the  air  by  means  of  root-tubercle 
bacteria. 

THE  PROPERTIES  OF  RADIUM 

Radium  possesses  most  of  the  properties  of  a true  chemical  ele- 
ment, but  it  also  possesses  in  most  remarkable  degree  the  peculiar 
and  newly  discovered  property  of  spontaneous  and  continuous  ema- 
nation of  particles,  and  radiation  of  energy,  called  radio-activity. 
Radium  is  a solid  substance,  but  it  disintegrates  or  gives  off  particles 
of  matter  which  further  disintegrate,  yielding  as  one  final  product 
the  chemical  element  helium1  (an  inert  gas).  The  speed  with  which 

*At  least  98  percent  of  the  total  energy  evolved  by  radium  is  due  to  the  libera- 
tion of  helium  atoms,  altho  helium  appears  to  constitute  only  about  10  percent 
of  radium.  (The  remaining  90  percent  is  thought  by  some  to  be  lead.) 
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the  emanated  helium  particles  are  projected  from  radium  is  about 
12,000  miles  per  second,  compared  with  186,000  miles  per  second  as 
the  velocity  of  ordinary  light.  The  mass  of  radium  is  not  permanent, 
but  is  reduced  to  one-half  in  about  1760  years,  to  one-fourth  in  3520 
years,  to  one-eighth  in  5280  years,  and  so  on. 

Radium  continuously  emits  or  radiates  heat,  light,  and  electricity. 
The  amount  of  heat  evolved  is  relatively  enormous.  A given  quantity 
of  radium  emits  sufficient  heat  to  raise  an  equal  weight  of  water  from 
the  freezing  point  to  the  boiling  point  in  less  than  one  hour,  and  this 
radiation  of  heat  continues  hour  after  hour,  with  gradual  reduction 
to  one-half  the  quantity  in  about  1760  years. 

Thus  the  total  quantity  of  heat  ultimately  evolved  by  a pound  of 
radium  would  be  sufficient  to  raise  more  than  fifteen  million  pounds 
of  water  from  freezing  to  boiling  temperature,  whereas  a pound  of 
good  Illinois  coal  has  power  to  change  only  seventy-five  pounds  of 
water  from  freezing  to  boiling.  In  other  words,  one  pound  of  radium 
would  ultimately  furnish  more  heat  than  one  hundred  tons  of  coal; 
and  in  total  ultimate  energy1  (including  heat,  light,  electricity,  etc.) 
one  pound  of  radium  would  be  equivalent  to  more  than  one  hundred 
fifty  tons  of  coal,  or  to  more  than  seventy  thousand  horse-power  days 
of  twenty-four  hours  each.  On  the  other  hand,  the  total  energy  of  a 
quantity  of  coal  can  be  secured  almost  instantly,  whereas  the  rate  of 
disintegration  of  radium  is  fixed,  so  that  only  half  its  total  energy 
becomes  liberated  in  about  1760  years;  but,  expressed  in  terms  of 
continuous  work,  about  nine  pounds  of  radium  would  be  equivalent  to 
one  horse-power.2 

SOME  EARLIER  EXPERIMENTS 

Many  experiments  have  been  made  to  ascertain  the  effect  of  radio- 
activity on  plant  growth;  and  in  general  it  has  been  found  that  a 
distinct  influence  is  exerted  if  sufficient  radium  is  used,  altho  some 
experimenters  report  negative  results. 

In  summarizing  his  investigations  in  the  Popular  Science  Monthly, 
Volume  74,  pages  222-232,  Gager  states  that  radium  acts  under  certain 
conditions  as  a stimulus  to  physiological  processes  of  plants,  but  that 
it  may  retard  or  inhibit  development,  or  even  kill  the  plant,  if  used 
in  too  great  strength  or  for  too  long  a period.  Acqua,  an  Italian  in- 
vestigator, reports  retarded  root  development,  but  little  or  no  direct 

investigations  show  that  one  gram  of  radium  emits  enough  heat  to  raise  118 
grams  of  water  one  degree  centigrade  in  one  hour,  or  118  calories,  and  indicate 
enough  total  energy  to  decompose  one  gram  of  water  into  hydrogen  and  oxygen 
every  twenty-four  hours,  equivalent  to  3822  calories,  or  nearly  160  calories  per 
hour. 

Tloscoe  and  Schorlemmer,  Treatise  on  Chemistry  (1913),  Volume  II,  page 
1423,  state  that  “it  appears  that  one  pound  of  radium  emits  energy  at  the  rate 
of  10,000  horse-power”;  but  they  have  evidently  compared  radium  energy  per 
day  with  horse-power  per  second,  and,  since  there  are  86,400  seconds  in  a day, 
the  corrected  comparison  shows  about  one  horse-power  for  8.64  pounds  of  radium. 
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effect  upon  stems  or  leaves.  Fabre,  a French  scientist,  found  some 
beneficial  effects  from  radio-activity  corresponding  to  emanations  of 
one  and  one-half  microcuries1  for  each  two  liters2  of  air,  but  injury 
from  greater  strength. 

Efforts  are  already  being  made  to  add  radio-active  substances  to 
the  list  of  commercial  fertilizers  and  stimulants  that  farmers  are 
urged  to  buy,  and  this  preliminary  report  is  issued  in  order  that  the 
information  thus  far  secured  may  be  available  to  those  who  are  in- 
terested and  who  might  otherwise  be  led  to  waste  money  that  should 
be  invested  in  rational  soil  enrichment. 

RUSBY’S  EXPERIMENTS 

In  the  New  York  Times  of  October  25,  1914,  a full  page  is  devoted 
to  radium  as  “A  Wonderful  Stimulant  of  Farmers’  Crops.”  This 
article,  with  its  illustrations  and  data,  is  credited  to  H.  H.  Rusby, 
M.  D.,  of  the  Columbia  University  College  of  Pharmacy.  The  fol- 
lowing statements  are  direct  quotations : 

“In  October,  1913,  I arranged  with  the  Standard  Chemical  Company  of 
Pittsburgh,  Penn.,  to  make  preliminary  trials  on  an  extensive  scale.  In  view  of 
the  cost  of  radium  and  its  preparations,  the  reader  may  wonder  how  such  an  ex- 
periment could  be  undertaken.  It  requires  about  400  tons  of  radium  ore  of  stand- 
ard quality  to  yield  a gram,  about  fifteen  and  a half  grains,  of  radium,  which 
amount  could  easily  be  carried  on  a man’s  thumb  nail.  The  regular  market  price 
is  $10,000  a grain,  or  $120,000  a gram,  equal  to  $70,000,000  a pound.  This  prob- 
lem was  solved  by  making  use  of  the  finely  powdered  residue  remaining  after  all 
the  radium  possible  has  been  extracted,  but  leaving  some  two  or  three  milligrams 
to  the  ton,  worth  some  $300,  yet  a by-product  unless  a special  use  for  it  could  be 
discovered.  ’ ’ 

“That  the  application  of  such  material  to  the  soil  is  a profitable  procedure 
for  the  gardener  or  farmer  may  be  understood  when  it  is  seen  that  such  increases 
in  production  resulted  as  29  per  cent,  in  lettuce,  17  per  cent,  in  lima  beans,  35 
per  cent,  in  cucumbers,  35  per  cent,  to  44  per  cent,  in  different  varieties  of  squash, 
80  per  cent,  in  Rocky  Ford  muskmelon,  24  per  cent,  in  carrots,  50  per  cent,  in 
sweet  corn,  and  70  per  cent,  in  radishes,  and  that  nearly  all  vegetables  are  won- 
derfully improved  in  their  table  qualities.  ’ ’ 

“My  experiments  and  observations  included  the  winter  culture  of  radishes 
in  a market  gardener’s  greenhouse,  some  seedlings  in  window  boxes  in  my  own 
home;  field  crops  covering  more  than  one  hundred  acres  at  Northfield,  Ohio,  under 
the  direction  of  W.  W.  Darling;  an  experimental  garden  at  Pittsburgh,  and  the 
plantation  of  an  acre  and  a half  at  Nutley,  N.  J.,  of  which  I have  had  imme- 
diate personal  charge  throughout  the  season.  ’ ’ 

*A  microcurie  is  a millionth  part  of  a curie,  the  unit  of  measurement  for 
radio-activity,  which  is  the  quantity  of  radium  emanation  in  equilibrium  with  one 
gram  of  radium.  In  other  words,  the  curie  (named  from  the  discoverers)  repre- 
sents the  constant  or  continuous  energy  of  one  gram  of  radium. 

2 A liter  holds  1,000  cubic  centimeters,  or  1,000  grams  of  water;  it  is  about 
one  quart,  and  corresponds  to  about  a 4-inch  cube,  or  64  cubic  inches.  On  the 
basis  of  one  and  one-half  microcuries  for  each  space  four  inches  square  and  eight 
inches  high,  this  application  corresponds  to  588,060  microcuries,  or  588  milligrams 
of  radium,  per  acre  of  land. 
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Pounds  of  Produce  Reported  From  Radium  Experiments  at  Nutley,  N.  J. 


Applied  per  Acre 


Ore  Tailings  (R.  A.  F.),  lbs 

Radium,  milligrams  

200 

.25 

100 

.12 

50 

.06 

25 

.03 

0 

0 

Plot  Nos 

AA 

BB 

cc  1 

DD 

X 

2 

2 

Early  Celery  (No  data) 

Telephone  peas  

21 

1 

21 

1 

23 

19 

22 

2 

3 

Second  crop,  Cow  Horn  Turnips  (No  data) 
Nott’s  peas  

13 

16 

15 

21 

16 

3 

4 

Second  crop,  Globe  Turnips  (No  data) 
Lettuce  

32 

31 

26 

35 

27 

4 

5 

Second  crop,  Savoy  Cabbage  (No  data) 
Spinach  

4 

9 

11 

16 

16 

5 

6 

Second  crop,  Late  Celery  (No  data) 
Beets  

133 

132 

133 

126 

133 

7 

Carrots  

85 

104 

138 

118 

111 

8 

Egg  Plant  

160 

160 

118 

120 

153 

9 

Late  Tomatoes 

169 

226 

242 

213 

267 

10 

Early  Tomatoes 

181 

270 

309 

293 

330 

11 

Cucumbers  

8 

8 

9 

10 

7 

Cucumbers,  small 

4 

6 

4 

3 

5 

Cucumbers,  total  

12 

14 

13 

13 

12~ 

12 

String  Beans  

33 

35 

33 

30 

31 

13 

Early  Peppers  

14 

28 

24 

29 

29 

14 

15 

16 

17 

18 

Onions  (No  data) 

Parsnips  (No  data) 

Navy  Beans  (No  data) 

Red  Kidney  Beans  (No  data) 

Turnip  Radish 

54 

57 

64 

66 

65 

18 

19 

Second  crop,  Late  Celery  (No  data) 
Long  Radish  

81 

7S 

71 

58 

20 

Second  crop,  Late  Celery  (No  data) 
Early  Rose  Potatoes 

48 

56 

65 

66 

61 

21 

Pumpkins  

277 

243 

321 

222 

206 

22 

Early  Cabbage 

384 

412 

388 

280 

349 

23 

Dwarf  Lima  Beans  

68 

92 

82 

93 

80 

24 

Late  Cabbage  

460 

404 

458 

420 

405 

25 

Hubbard  Squash  

185 

232 

150 

100 

162 

26 

27 

Crimson  Clover  (No  data) 

Late  Peppers 

19 

16 

13 

13 

13 

28 

Late  Corn  

81 

80 

90 

95 

63 

29 

Delicious  Squash  

217 

233 

226 

258 

188 

30 

31 

Queen  Potatoes  (No  data) 

Early  Corn  

95 

92 

90 

95 

88 

32 

Hackensack  Muskmelons  

87 

103 

116 

68 

73 

33 

Rocky  Ford  Muskmelons  

39 

83 

72 

50 

46 

34 

Watermelons  

370 

340 

378 

333 

269 
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“In  Mr.  Flannery’s  garden  I particularly  noted  the  great  gain  of  turnips 
and  beets  under  the  radium  influence  over  those  without  it.  ’ ’ 

‘ 1 The  growing  crops,  which  I have  observed  with  great  care  on  various  occa- 
sions, have  shown  results  in  all  respects  similar  to  those  recorded  at  my  Nutley 
plantation,  which  I shall  now  describe.” 

“One  plot,  AA,  was  treated  with  radio-active  fertilizer  at  the  rate  of  200 
pounds  to  the  acre;  another,  BB,  with  100  pounds;  a third,  CC,  wflth  50  pounds; 
DD,  with  25  pounds,  and  X,  with  none.  Each  set  of  plots  was  nineteen  feet  wide, 
and  the  plots  composing  the  sets  were,  respectively,  five,  thirteen,  nine,  or  twenty 
feet  by  nineteen  feet,  according  to  the  nature  of  the  crop.  Each  plot  was  separated 
from  those  on  its  four  sides  by  paths  three  feet  wride,  except  for  the  central  road, 
which  was  six  feet  wide.” 

* ‘ In  the  accompanying  table  each  plot  is  indicated  by  the  number  of  pounds 
of  R.  A.  F.  (radio-active  fertilizer)  that  it  received  to  the  acre.” 

“In  conclusion,  it  may  be  stated  that  the  yield  of  most  crops  can  be  in 
creased  by  the  addition  of  some  amount  of  radio-active  fertilizer,  the  amount 
differing  with  different  crops.  The  beneficial  effects  continue  over  successive 
crops,  probably  for  many  years.  The  largest  amount  required  by  any  crop  would 
cost  less  than  the  increased  market  value  of  such  crop  of  the  first  year. 1 ’ 

“The  fertility  of  unused  ground  will  spontaneously  increase  at  a much  greater 
rate  when  treated  by  radium.  ’ ’ 

' It  is  to  be  noted  that  Rusby  credits  the  ore  tailings  with  the  same 
radinm  content  (about  2y2  milligrams  per  ton)  as  the  original  ore 
(1000  milligrams  in  400  tons)  ; but  it  is  easily  possible  that  the  by- 
product for  which  the  Standard  Chemical  Company  desires  to  find 
a market  is  as  rich  in  radium  as  the  ore  itself ; and  the  fact  that  Mr. 
J.  M.  Flannery  is  president  of  the  Standard  Chemical  Company  lends 
special  interest  to.  the  results  observed  “in  Mr.  Flannery’s  garden,” 
showing  ‘ ‘ the  great  gain  of  turnips  and  beets  under  the  radium  influ- 
ence,” altho.the  beets  on  Plot  6 at  Nutley  (see  table)  show  slightly 
decreased  yields  in  two  cases  and  no  benefit  in  the  other  two.  The 
complete  data  are  not  reported  for  turnips  at  Nutley,  but  Rusby 
states  that  the  radium  influence  from  the  25-pound  application  of  ore 
tailings  even  crossed  the  3-foot  path  and  made  the  turnips  on  that 
(south)  end  of  the  untreated  plot  “twice  as  large  and  strong  as  those 
at  the  northern  ends.  ’ ’ He  adds  the  following : 

“There  is  an  exactly  similar  difference  among  the  turnips  in  the  25-pound 
plot,  those  at  the  southern  ends  of  the  rows,  separated  by  3 feet  from  the  50-pound 
plot,  being  twice  as  large  as  those  at  the  northern  ends,  with  the  same  regular 
gradation.  Between  the  50-pound  and  the  100-pound  plots  there  is  little  differ- 
ence, showing  that  50  pounds  (.06  milligram  of  radium  per  acre)  produces  about 
the  maximum  effect  on  turnips. 

1 1 Between  the  100  and  the  200-pound  plots,  however,  there  is  a similar  but  re- 
verse relation.  The  turnips  in  the  200-pound  plot  are  stunted  by  an  excess  of 
radium,  just  as  was  the  spinach  that  occupied  the  same  plot1  in  the  early  spring.  ’ ’ 

JThe  published  diagram  of  the  experimental  plots  at  Nutley,  N.  J.,  shows 
that  the  spinach  was  followed  not  by  turnips  but  by  late  celery,  and  that  turnips 
were  grown  only  after  peas.  In  the  accompanying  tabular  statement  will  be 
found  all  of  the  data  reported  (expressed  in  even  pounds  per  plot),  and  also  in- 
formation concerning  the  order  of  planting  on  the  various  plots,  as  shown  in  the 
diagram;  but  the  data  for  potatoes  may  have  been  secured  from  Plot  30  instead 
of  Plot  20;  otherwise  the  original  publication  is  clear. 
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No  information  is  given  as  to  the  amount  of  radium  applied  for 
turnips  on  Mr.  Flannery’s  garden,  but  it  is  of  interest  to  note  that 
Fabre  reports  beneficial  results  on  plant  growth  from  radium  up  to 
588  milligrams  per  acre,  or  more  than  2000  times  the  amount  Rusby 
found  to  be  injurious  for  turnips. 

A careful  study  of  Rusby ’s  data  suggests  that  all  of  the  differences 
which  he  records  may  have  been  caused  by  natural  variations  in  the 
soil  or  other  influences,  rather  than  by  the  radium.  Thus  his  report 
of  29  percent  increase  in  lettuce  is  based  on  Plot  DD,  but  the  ad- 
joining plot,  CC,  shows  4 percent  decrease.  The  17  percent  increase 
reported  for  lima  beans  is  based  upon  Plots  BB  or  DD,  but  the  inter- 
mediate plot,  CC,  shows  only  3 percent  increase,  while  AA  shows  15 
percent  decrease. 

The  35  percent  increase  reported  for  cucumbers  is  based  only 
upon  the  larger  size  from  Plot  DD,  but  the  small  cucumbers  show  40 
percent  decrease  on  the  same  plot,  and  the  total  crop  shows  little  ef- 
fect— none  with  the  heaviest  application.  To  find  35  and  44  percent 
increases  for  squash,  one  must  figure  results  from  25  pounds  of  ore 
tailings  with  Delicious  squash,  and  from  100  pounds  of  ore  tailings 
with  Hubbard  squash;  whereas  the  check  plot,  X,  produced  62  per- 
cent more  Hubbard  squash  than  where  25  pounds  of  ore  tailings  were 
applied.  In  other  words,  the  minimum  application  seems  to  have 
increased  markedly  the  yield  of  Delicious  squash,  but  appears  to  have 
stunted  in  a marked  degree  the  growth  of  Hubbard  squash. 

The  increases  claimed  with  muskmelons,  carrots,  sweet  corn,  and 
radishes  are  also  found  only  by  selecting  the  highest  results  from 
rather  discordant  data.  With  nearly  all  of  the  crops  reported  upon, 
radium  appears  to  have  decreased  the  yields  in  some  of  the  trials, 
but  neither  increase  nor  decrease  correlates  in  any  general  way  with 
the  amount  of  radium  applied.  The  smallest  yield  of  Hackensack 
muskmelon  was  with  the  smallest  application,  while  the  smallest  yield 
of  Rocky  Ford  muskmelon  was  with  the  largest  amount  of  radium. 
These  extremes  gave  equal  yields  of  early  corn  but  very  different  re- 
sults with  late  corn.  The  four  trials  with  carrots  show  two  increases 
and  two  decreases,  with  an  average  of  111  pounds,  exactly  the  same 
as  with  no  radium.  One  variety  of  radish  appears  benefited,  the 
other  stunted,  by  equal  amounts  of  radium.  Likewise,  25  pounds  of 
the  ore  tailings  helped  one  kind  of  peas  and  hindered  the  other,  while 
50  pounds  produced  similar  effects  but  in  the  reverse  order ; and  200 
pounds  gave  50  percent  increase  with  late  peppers  and  50  percent 
decrease  with  early  peppers. 

Among  the  fifty-nine  trials  for  which  data  are  reported  on  one 
half  of  the  field  (Plots  1 to  20),  thirty-eight  show  no  benefit  from  ra- 
dium ; while  on  the  other  side  of  the  1 1 central  road  ’ ’ thirty-nine  of 
the  forty-eight  trials  show  benefit.  In  other  words,  the  influence  of 
radium  was  usually  beneficial  on  one  side  of  the  road  and  usually  in- 
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jurious  on  the  other  side,  which  certainly  strongly  suggests  that  the 
variations  in  yield  of  crops  were  due  to  some  other  differences  than 
radium  applications. 

Rusby’s  statement  that  “the  fertility  of  unused  ground  will  spon- 
taneously increase  at  a much  greater  rate  when  treated  by  radium” 
appears  to  be  an  opinion,  not  an  established  fact. 

ILLINOIS  EXPERIMENTS 

In  the  spring  of  1913,  thru  the  kindness  of  the  Standard  Chemi- 
cal Company  of  Pittsburgh,  the  University  of  Illinois  Agricultural 
Experiment  Station  was  enabled  to  begin  a series  of  field  experiments 
with  radium  as  a fertilizer  or  crop  stimulant.  This  company  re- 
ported 1500  tons  of  uranium-radium  ore  (carnotite)  as  the  annual 
product  from  its  Colorado  mines,  and  was  said  to  be  the  only  concern 
manufacturing  radium  salts  in  America.  The  company  was  deeply 
interested  in  having  the  experiments  conducted,  and  the  radium  salts 
furnished  to  us  were  prepared  under  the  direction  of  Dr.  Otto  Brill 
and  Dr.  Charles  H.  Viol  of  the  radium  research  laboratory  of  the 
Standard  Chemical  Company,  the  quality  and  strength  of  the  prepara- 
tions being  thus  assured. 

Since  the  “radium  plots”  were  made  to  run  crosswise  over  other 
regular  experiment  plots,  these  investigations  were  conducted  with- 
out interfering  with  our  other  experiments,  and  at  small  extra  ex- 
pense,— chiefly  for  taking  weights  of  produce  “in  both  directions,” 
the  expense  of  applying  the  radium  having  been  borne  by  the  Stand- 
ard Chemical  Company. 

The  value  of  radium  is  about  $100  per  milligram;  and  it  may 
well  be  noted  that  it  takes  453,600  milligrams  (453.6  grams)  to  make 
one  pound.  The  total  amount  of  radium  thus  far  secured  in  all  the 
laboratories  and  factories  of  the  world  is  estimated  at  eight  grams,  or 
less  than  one-third  of  an  ounce. 

In  order  that  the  field  investigation  might  have  direct  relation  to 
practical  Illinois  agriculture,  the  radium  was  used  at  three  rates  of 
application,  costing,  respectively,  $1,  $10,  and  $100  per  acre;  or  in 
amounts  of  .01  milligram,  .1  milligram,  and  1 milligram  of  radium 
per  acre.  If  the  effect  of  the  applications  should  be  marked  and  per- 
manent, even  the  initial  expense  of  $100  per  acre  might  be  desirable. 

The  fields  selected  for  these  experiments  were  the  north  division 
of  the  Series  200  and  the  south  division  of  the  Series  600  of  the 
Agronomy  plots  on  the  South  Farm  of  the  University  of  Illinois. 
Each  of  these  fields  contains  eighteen  fifth-acre  plots,  two  rods  wide 
and  sixteen  rods  long,  besides  some  division  and  border  strips, 
making  each  field  sixteen  rods  wide  east  and  west,  and  thirty-eight 
rods  long  north  and  south.  For  the  radium  experiments  each  field 
was  divided  transversely  into  eight  plots  two  rods  wide  and  thirty- 
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eight  rods  long,  numbered  one  to  eight,  from  west  to  east.  No  radium 
was  applied  on  Plots  1 and  5 ; where  applied,  the  rates  per  acre  were 
.01  milligram  on  Plots  2 and  6,  .1  milligram  on  3 and  7,  and  1 milli- 
gram on  4 and  8. 

On  Series  200  and  on  the  west  part  of  Series  600,  the  radium  was 
applied  in  a solution  of  radium  barium  chlorids  diluted  with  distilled 
water,  the  check  plots  receiving  the  same  quantity  of  distilled  water 
without  radium.  On  the  east  part  of  Series  600,  solid  radium  barium 
sulfates  were  applied  after  being  diluted  by  thoro  mixing  and  pul- 
verizing with  dry  soil  from  the  field,  the  check  plot  receiving  the 
same  weight  of  soil  without  radium.  The  pulverized  soil  was  applied 
with  a force-feed  grain  drill,  and  the  solutions  with  an  Aspinwall  bar- 
rel sprayer.  For  the  heaviest  applications,  only  528  cubic  centi- 
meters of  the  solution  of  chlorids  and  770  grams  of  the  sulfates  were 
required  per  acre,  amounts  which  are  too  small  to  produce  appre- 
ciable indirect  effects,  such  as  might  possibly  be  caused  by  100  pounds 
•or  more  of  crude  salts  per  acre. 

On  both  fields  corn  was  grown  in  1913  and  soybeans  in  1914.  In 
the  accompanying  tables  are  reported  the  yields  per  acre  in  bushels, 
except  where  soybean  hay  was  harvested,  which  is  reportd  in  pounds 
per  acre.  Owing  to  other  experimental  work  involving  some  varia- 
tions in  planting,  only  part  of  Series  600  furnished  comparable  data 
in  1913,  only  twenty-four  separate  trials  being  provided,  as  shown  in 
Table  3. 

Aside  from  the  corn  grown  on  Series  200  in  1913,  the  average  re- 
sults reported  in  the  tables  are  considered  trustworthy  within  the 
limits  of  variation  shown. 


Table  1. — Corn  on  Series  200,  1913 
(Bushels  per  acre) 


Radium  per 
acre,  mgs.  . 

0 

.01 

.1 

1 

0 

.01 

.1 

1 

Plot  Nos.  . . . 

1 

2 

3 

4 

5 

6 

7 

8 

241-2 

29.6 

33.6 

40.0 

38.9 

"36 .1 

35.5 

33.7 

35.6 

243 

38.2 

36.0 

41.9 

45.4 

39.6 

39.3 

38.6 

40.6 

244-5 

34.5 

43.6 

38.9 

41.8 

31.1 

40.8 

48.7 

41.1 

246 

43.8 

38.0 

43.0 

45.8 

42.6 

48.8 

48.1 

50.2 

247-8 

40.1 

39.0 

41.1 

39.9 

36.5 

43.0 

41.4 

43.4 

249 

48.5 

40.7 

52.5 

54.9 

52.1 

46.3 

46.4 

46.3 

250 

49.1 

45.2 

49.9 

52.5 

51.4 

44.4 

35.9 

34.5 

251-2 

51.1 

46.6 

39.8 

37.1 

42.3 

42.2 

45.6 

46.6 

253 

44.1 

45.9 

53.1 

45.7 

45.4 

53.3 

62.6 

62.6 

254-5 

49.2 

49.6 

48.4 

55.3 

63.7 

67.7 

67.8 

66.6 

256 

43.5 

40.0 

46.2 

45.8 

54.1 

61.8 

57.3 

66.2 

257-8 

34.4 

36.0 

43.1 

50.6 

54.7 

54.2 

59.6 

58.0 

Average  

42.2 

41.2 

44.8 

46.1 

45.8 

48.1 

48.8 

49.3 

Average  gain 

2.6 

3.9 

2.3 

3.0 

3.5 

Average  loss 

1 

1.0 
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Table  2. — Soybeans  on  Series  200,  1914 
(Bushels  per  acre) 


Radium  per 
acre,  mgs. . . 

0 

.01 

.1 

1 

0 

*01  . 

.1 

1 

Plot  Nos.  . . . 

1 

2 

3 

4 

5 

6 

7 

8 

241-2 

18.8 

19.1 

20.8 

20.3 

19.5 

19.4 

19.8 

20.5 

243 

22.5 

20.9 

21.7 

22.3 

18.9 

19.3 

20.6 

21.5 

244-5 

26.0 

27.3 

22.4 

23.0 

22.7 

24.4 

25.6 

22.2 

246 

28.9 

25.5 

25.2 

23.5 

21.9 

26.3 

27.0 

24.8 

247-8 

28.9 

28.9 

29.4 

27.3 

23.7 

24.8 

*4.2 

23.5 

249 

28.7 

28.5 

28.0 

30.2 

25.8 

26.7 

25.1 

23.3 

250 

28.4 

28.8 

28.7 

27.6 

25.8 

26.7 

23.1 

21.1 

251-2 

25.3 

29.7 

29.5 

26.6 

24.0 

26.6 

28.3 

27.0 

253 

27.0 

26.9 

27.9 

26.2 

25.8 

28.5 

29.3 

29.8 

254-5 

25.3 

24.5 

24.8 

24.9 

24.8 

28.0 

28.3 

26.9 

256 

26.2 

24.3 

28.1 

27.7 

26.1 

28.5 

29.4 

29.5 

257-8 

22.0 

17.6 

23.0 

26.0 

27.6 

24.8 

28.7 

29.1 

Average  

25.7 

25.2 

25.8 

25.4 

23.9 

25.3 

25.8 

24.9 

Average  gain . 

.1 

1.4 

1.9 

1.1 

Average  loss . . 

.5 

.2 

Table  3. — Corn  on  Series  600,  1913 
(Bushels  per  acre) 


Planted 


2 kernels  per  hill  ||  3 kernels  per  hill 


Radium  per 
acre,  mgs.  . 

0 

.01 

.1 

1 

0 

.01 

.1 

1 

Plot  Nos.  . . 

1 

2 

3 

4 

5 

6 

7 

8 

Hills  33  by  36  inches 


N.  half,  A 

33.2 

33.2 

29.6 

27.0 

N.  half,  B 

37.3 

34.1 

28.3 

32.3 

S.  half,  A 

36.6 

38.7 

28.8 

25.8 

S.  half,  B 

33.1 

34.5 

24.1 

24.7 

Average  .... 

35.0 

35.1 

1 

“27 ~7T 

27.4 

1 

Hills  33  by  39.6  inches 


N.  half,  A 
N.  half,  B 
S.  half,  A 
S.  half,  B 
Average  . . . 

31.6 
32.8 
34.1 

32.6 

34.0 

36 . 5 

32.6 
31.4 

28.3 

31.8 

26.1 

25.7 

27.4 

34.2 

26.6 

18.7 

32.8 

33 . 6 

28.0 

26.8 

Hills  33  by  44  inches 


N.  half,  A 
N.  half,  B 
S.  half,  A 
S.  half,  B 

33.3 

30.9 

33.5 

27.2 

30.3 

28.9 

38.7 

33.6 

28.2 

24.9 

27.6 

26.7 

28.1 

27.2 

29.3 

20.4 

Average  . . . 

31.2 

32.9 

26.9 

26.3 

Average  gain . 

.1 

.8 

1.7 

Averacrpi  lnss 

.3 

1.2 

.6 

° i 
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Table  4. — Soybeans  on  Series  600,  1914 
(Bushels  per  acre) 


Radium  per 
acre,  mgs.  . . 

0 

.01 

.1 

1 

0 

.01 

.1 

1 

Plot  Nos.  . . 

1 

2 

3 

4 

5 

6 

7 

8 

661 

20.3 

15.4 

15.9 

17.3 

14.8 

17.7 

15.6 

16.5 

662 

18.2 

17.5 

15.2 

17.1 

16.6 

16.0 

15.6 

13.9 

663 

20.5 

20.6 

19.7 

19.7 

17.7 

17.9 

18.1 

21.6 

664 

16.4 

16.3 

16.5 

16.1 

15.0 

15.4 

15.5 

17.9 

665 

20.5 

19.7 

19.1 

16.5 

16.6 

15.5 

17.2 

19.3 

666 

17.7 

23.1 

18.5 

20.3 

17.4 

19.3 

17.3 

19.1 

667 

21.5 

20.7 

22.3 

18.2 

17.7 

19.2 

18.5 

21.7 

668 

28.4 

29.5 

28.1 

26.8 

23.6 

24.6 

23.7 

24.6 

669 

20.4 

18.9 

18.7 

18.0 

17.4 

19.9 

19.7 

21.5 

Average  . . . 

20.4 

20.2 

19.3 

18.9 

17.4 

18.3 

17.9  | 

19.6 

Average  gain 
Average  loss 

1.0 

.5  | 



2.2 

2 

1.1 

1.5 

Table  5. — Soybean  Hay  on  Series  600,  1914 
(Pounds  per  aere) 


Radium  per 

acre,  mgs.  . 

0 

.01 

.1 

1 

0 

.01 

.1 

1 

Plot  Nos.  . . 

1 

2 

3 

4 

5 

6 

7 

8 

670 

3833 

4079 

3036 

2922 

2874 

2862 

2754 

2883 

671 

4839 

5099 

4693 

4841 

4245 

4382 

4160 

4041 

672 

3578 

3802 

2849 

2789 

2410 

2302 

2192 

2335 

673 

3480 

4039 

3372 

3458 

3045 

2902 

2912 

2992 

674 

3470 

3925 

2883 

2629 

2337 

2184 

1915 

2335 

675 

3372 

3354 

2984 

3024 

2682 

2753 

2888 

2796 

676 

3289 

3914 

3332 

3247 

3082 

2891 

3054 

3225 

677 

3132 

3110 

4016 

3300 

2944 

2912 

2889 

3090 

678 

3833 

4000 

4416 

4685 

4054 

4368 

4241 

4359 

Average  . . . 

3647 

3925  | 

3509 

3433 

| 3075 

3062 

3000 

3117 

Average  gain . 

275  I 

42 

Average  loss . . 

1 

138 

215 

13 

74 

Variations  Due  To  Drouth 

Series  600  possesses  an  unusually  satisfactory  degree  of  uniform- 
ity; but  on  Series  200  there  are  some  topographic  variations  which 
influence  the  rapidity  of  the  ‘ 1 run-off  ’ ’ or  absorption  of  rain ; and  in 
very  dry  seasons,  with  occasional  dashing  showers,  when  moisture  is  a 
factor  of  great  importance,  these  variations  appear  in  the  crop  yields. 
From  April  11  to  September  11,  a period  of  five  months,  the  total 
rainfall  in  1913  was  only  5.87  inches.  Under  these  adverse  conditions, 
even  the  average  results  from  Series  200  are  not  considered  trust- 
worthy, notwithstanding  the  large  number  of  separate  trials  making 
the  averages.  Considering  even  the  general  averages,  .01  milligram  of 
radium  appears  to  have  decreased  the  yield  of  corn  by  1 bushel  on  the 
west  part  of  the  field  and  to  have  made  2.3  bushels  increase  on  the  east 
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part.  Again,  increasing  the  cost  of  radium  from  $1  to  $10  per  acre 
appears  to  have  increased  the  yield  by  3.6  bushels  on  the  west  part 
and  by  only  .7  bushel  on  the  east  part ; and  the  further  increase  of  $90 
shows  apparent  gains  of  1.3  bushels  on  the  west  and  only  .5  bushel 
on  the  east  part  of  this  field.  Of  course  no  conclusions  should  be 
drawn  from  such  discordant  plus  and  minus  results. 

Trustworthy  Data 

The  results  with  soybeans  on  Series  200  in  1914  agree  within  nar- 
row limits  in  showing  no  benefit  from  the  radium  applied  the  year 
before,  the  west  half  of  the  field  giving  slightly  smaller  and  the  east 
half  slightly  larger  average  yields  where  radium  was  added  than  on 
the  check  plots. 

On  Series  600  the  average  yields  of  corn  in  1913  were  slightly 
larger  with  two  kernels  per  hill  and  slightly  smaller  with  three  ker- 
nels per  hill  where  radium  was  applied,  but  the  apparent  gains  and 
losses  are  all  well  within  the  experimental  error  or  plot  variation,  and 
the  general  average  indicates  no  effect  from  the  radium.  The  yields 
of  soybean  seed  on  the  north  half  of  this  field  in  1914  likewise  reveal 
no  influence  from  radium,  all  rates  of  application  indicating,  on  the 
average,  slight  decreases  for  radium  on  the  west  side  and  slight  in- 
creases on  the  east  side  of  the  field  With  the  soybean  hay  the  six  gen- 
eral averages  show  no  effect  from  radium,  four  results  being  slightly 
below  the  checks  and  the  other  two  slightly  above. 

Thus  from  the  two  years’  work  we  have  six  trustworthy  average 
results  with  corn  (Table  2),  three  “for”  and  three  “against”  radium, 
and  we  have  eighteen  averages  with  soybeans  (Tables  3,  4,  and  5), 
nine  “for”  and  nine  “against”  radium.  In  all  of  these  trials  the 
average  variation  from  the  checks  is  so  slight  and  so  evenly  distrib- 
uted, “for”  and  “against,”  as  to  lead  only  to  the  conclusion  that  ra- 
dium applied  at  a cost  of  $1,  $10,  or  $100  per  acre  produced  no  effect 
upon  the  crop  yields  either  the  first  or  second  season. 

EFFECT  OF  STIMULANTS 

Even  if  radium  or  other  radio-active  substances  were  to  increase 
crop  yields  when  applied  to  soils  in  sufficient  quantity,1  the  effect 
would  be  that  of  a stimulant  and  the  increase  would  be  secured  at  the 
expense  of  the  soil.  Thus  the  soil  would  not  be  enriched  in  fertility, 
but  actually  impoverished  by  such  treatment.  This  result  follows 
also  for  all  forms  of  proposed  stimulation  for  soil  or  crop. 

1The  rate  of  application  mentioned  by  Fabre  (heretofore  referred  to) 
would  cost  about  $58,800  per  acre  at  present  prices  for  radium;  and  even  his 
beneficial  results  lack  general  verification  by  other  experiments. 
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Thus  the  use  of  electricity  has  been  advertised  by  commercial  in- 
terests, and  many  experiments  have  been  conducted  with  the  growing 
of  crops  under  a network  of  electric  wires.  However,  a careful  study 
of  the  results  reported  from  such  investigations  when  conducted  by 
public-service  institutions  reveals  no  important  effects  upon  plant 
growth,  altho  some  most  remarkable  results  have  been  reported  by 
investigators  employed  by  commercial  interests. 

Even  the  increased  yield  sometimes  secured  by  excessive  cultiva- 
tion is  at  the  expense  of  the  soil.  The  trustworthy  information  thus 
far  secured  in  Illinois  does  not  show  profitable  results  from  extra  deep 
tillage,  or  from  subsoiling,  either  with  subsoil  plows  or  with  dynamite ; 
but  even  if  such  practices  were  temporarily  profitable,  they  might  not 
be  advisable,  because  they  tend  to  make  soils  poorer,  and  the  same 
expense  in  limestone,  phosphate,  clover,  or  manure,  which  are  highly 
profitable  on  our  common  soils,  would  tend  toward  positive  soil  en- 
richment and  permanent  preservation  of  fertility. 

These  facts  and  principles  deserve  the  most  careful  consideration, 
for  they  are  of  permanent  interest  to  consumers  as  well  as  producers, 
and  to  industry  and  commerce  as  well  as  to  agriculture.  The  people 
of  the  state  and  of  the  United  States  should  stand  as  a unit  for  soil 
building  and  soil  preservation,  and  opposed  to  soil  depletion,  land 
ruin,  and  ultimate  farm  abandonment. 

MISLEADING  CLAIMS 

As  a rule,  the  claims  for  possible  stimulants  are  not  well  founded. 
Even  radium,  with  all  its  wonderful  energy,  is  found,  upon  careful 
analysis  of  the  known  facts,  to  afford  no  foundation  for  reasonable 
expectation  of  increased  crop  yields,  when  financial  possibilities  are 
considered.  It  is  true  that  the  total  ultimate  energy  developed  in 
1760  years  from  a pound  of  radium  will  be  equivalent  to  seventy-five 
tons  of  coal,  or  to  35,000  horse-power  days  of  twenty-four  hours  each; 
but  when  the  time  is  reduced  to  one  hundred  days  of  good  crop-grow- 
ing weather,  and  the  amount  of  radium  reduced  to  ten  milligrams, 
costing  $1,000  per  acre,  then  the  energy  emitted  from  the  radium  for 
the  possible  benefit  of  an  acre  of  corn  during  the  crop  season  would 
be  equivalent  to  one  horse-power  for  only  twenty-two  seconds;  and 
the  heat  evolved  by  $1,000  worth  of  radium  on  an  acre  of  land  in  one 
hundred  days  would  be  less  than  the  heat  received  from  the  sun  on 
one  square  foot  in  thirty  seconds. 

RATIONAL  SOIL  ENRICHMENT 

The  only  materials  which  need  be  added  to  the  most  common  Illi- 
nois lands  for  their  positive  and  permanent  enrichment  are  lime- 
stone, phosphorus,  and  organic  matter.  These  are  the  only  necessary 
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materials  which  are  not  provided  naturally  in  inexhaustible  supply. 
Of  course  the  organic  matter  supplies  the  nitrogen,  whether  applied 
as  farm  manure  or  in  crop  residues  and  legume  crops  plowed  under. 
On  soils  subject  to  much  erosion,  the  application  of  phosphorus  is 
usually  not  profitable  or  necessary,  since  the  supply  is  renewed  from 
the  subsoil. 

On  peaty  swamp  soils  and  on  some  sand  lands,  potassium  is 
needed;  but  the  normal  lands  of  the  state  contain  in  the  plowed  soil 
of  an  acre  from  25,000  to  35,000  pounds  of  potassium  (from  30,000 
to  40,000  pounds  of  potash),  and  in  rational  systems  of  farming,  the 
addition  of  commercial  potassium  on  such  lands  is  unnecessary,  un- 
profitable, and  unwise. 

In  a word,  the  well-informed  farmer  on  the  common  Illinois  land 
will  purchase  and  apply  limestone  and  phosphate;  but  he  will  grow 
the  organic  matter  on  the  farm,  secure  nitrogen  from  the  inexhausti- 
ble supply  in  the  air,  and  liberate  potassium  from  the  inexhaustible 
supply  in  the  soil ; and  he  will  not  waste  his  money  on  so-called 
“complete”  fertilizers,  nor  on  newly  advertised  soil  or  crop  stimu- 
lants. 

For  further  information  concerning  rational  soil  improvement, 
see  Circulars  110,  149,  and  165,  which  will  be  sent  free  of  charge  upon 
request;  and,  if  so  desired,  the  applicant’s  name  and  address  will  be 
placed  upon  the  permanent  mailing  list  for  future  publications  by  the 
Agricultural  Experiment  Station,  Urbana,  Illinois. 
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RECENT  ILLINOIS  WORK  ON  THE  CORN 
ROOT- AT  HIS  AND  THE  CONTROL 
OF  ITS  INJURIES 

By  STEPHEN  A.  FORBES,  State  Entomologist 

The  corn  root-aphis,  or  corn  root-louse,  as  it  is  more  commonly 
called,  is  now  the  most  generally  injurious  insect  pest  of  the  corn  field 
in  Illinois.  Its  injuries  have  been  but  little  checked  by  all  that  has  been 
done  and  printed  concerning  it,  and  they  are  evidently  increasing  slow- 
ly in  total  effect.  There  is,  in  fact,  no  other  corn-held  insect  which  is 
so  frequently  called  to  the  attention  of  the  economic  entomologist. 
Nevertheless,  the  corn-root-aphis  problem  has  been  practically  solved 
— not,  perhaps,  in  the  best  way  possible,  or  as  completely  as  will  be  the 
case  when  time,  money,  and  skilled  assistance  are  all  available  for  fur- 
ther studies  and  experiments.  Undoubtedly,  however,  if  the  results 
which  have  already  been  established  were  generally  put  to  use  in  the 
practice  of  the  Illinois  farmer,  this  aphis  would  presently  lose  its  place 
at  the  head  of  the  list  of  insects  affecting  corn,  and  would  be  classed 
among  those  which  are  only  occasionally  injurious  enough  to  call  for 
special  notice. 

It  is  the  purpose  of  this  article  to  set  forth  the  results  of  our  more 
recent  investigations  and  experiments  (1907-1910)  in  all  necessary  de- 
tail, and  to  show  what  they  signify  and  how  they  apply  to  the  routine 
of  corn  culture  in  this  state. 

The  key  to  the  control  of  this  insect  is  to  be  found  in  its  spring 
condition  in  old  corn  fields  which  have  been  infested  by  it  the  year 
preceding;  and  in  the  fact  that  corn  is  the  only  crop-plant  upon  which 
it  lives  and  multiplies.  This  is  substantially  shown  by  the  following 
facts. 

1.  The  eggs  left  by  the  corn  root-lice  in  fall  when  the  insects 
themselves  perish,  are  virtually  all  in  the  earth  in  corn  fields.  They 
are  collected  there  by  the  corn-field  ant,  which  keeps  them  in  its  un- 
derground burrows  until  they  hatch  the  following  April  and  May. 

2.  As  the  young  root-lice  escape  from  the  egg  they  are  placed  by 
these  ants  on  the  roots  of  pigeon-grass,  smartweed,  and  other  corn- 
field weeds,  on  which  they  live  by  sucking  the  sap,  giving  off  at  the 
same  time  an  abundant  fluid  excrement  which  is  lapped  up  by  the 
ants  as  food. 

3.  The  root-lice  hatching  from  the  egg  are  all  females,  and  pro- 
duce no  eggs,  but  bring  forth  living  young  when  they  themselves  are 
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about  two  weeks  old.  Their  young,  in  turn,  reproduce  in  the  same 
way,  one  generation  succeeding  another  at  shorter  intervals  as  the 
weather  warms  up,  until  in  midsummer  they  are  only  a week  apart. 
The  average  number  of  complete  generations  for  the  season  is  about 
sixteen  in  the  latitude  of  central  Illinois. 

4.  The  second  generation  of  this  series  begins  to  appear  in  cen- 
tral Illinois  about  the  first  of  May,  and  the  oldest  of  these  will  begin 
to  give  birth  to  the  third  generation  on  or  before  the  middle  of  that 
month.  So  rapid  is  the  rate  of  reproduction  that  by  the  end  of  June 
as  many  as  six  generations  may  have  made  their  appearance. 

5.  The  root-lice  of  the  first  generation — those  hatching  from  the 
egg — are  all  wingless ; but  beginning  with  the  second  generation  a vari- 
able percentage  of  this  and  of  all  following  generations  may  acquire 
wings.  These  winged  root-lice,  called  migrants,  may  thus  begin  to 
appear  early  in  May. 

6.  By  means  of  these  winged  insects  originating  in  old  corn 
ground,  fields  not  infested  the  year  before  may  become  infested  from 
the  first  week  in  May  onward.  Root-aphis  injury  is  thus  like  a con- 
tagious disease,  spreading  from  field  to  field  on  the  wings  of  the  es- 
caping migrants.  As  these  fall  to  the  ground  they  are  taken  in  charge 
by  the  corn-field  ant,  which  carries  them  under  ground  and  places 
them  on  the  roots  of  plants,  where  they  begin  to  feed  and  to  bring 
forth  living  young  precisely  as  do  the  wingless  ones.  The  young  born 
from  winged  mothers  are  wingless  or  winged,  according  to  circum- 
stances, just  as  are  those  whose  mothers  are  themselves  without  wings. 

7.  As  the  winged  lice  may  begin  to  come  up  out  of  the  ground 
and  fly  away  even  before  corn  is  planted  for  the  new  crop,  and  will 
continue  to  do  so  thruout  the  season,  fields  that  were  not  in  corn 
the  year  before  may  become  infested  by  these  winged  migrants  and 
their  young  while  the  corn  is  still  very  small. 

8.  The  corn-field  ant  is  indispensable  to  the  root-lice,  which  it 
carries  about  from  place  to  place  as  may  be  necessary,  transferring 
them  to  the  roots  of  fresh  plants  when  those  they  have  been  feeding 
upon  become  sapped  or  overcrowded. 

9.  If  an  old  infested  corn  field  is  planted  to  some  other  crop  than 
corn,  the  root-lice  living  in  it  feed  on  the  weeds  until  these  are  smoth- 
ered out  by  the  new  crop-plants.  Many  of  them  then  acquire  wings 
and  fly  away,  and  others  are  eaten  by  the  ants  which  have  them  in 
charge.  The  field  is  in  this  way  virtually  cleared  of  them ; but  the  sur- 
vivors are  widely  dispersed,  to  infest  other  fields. 

10.  If  an  old  infested  corn  field  is  planted  to  corn,  the  lice,  placed 
at  first  on  the  roots  of  the  corn-field  weeds,  are  transferred  by  the 
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ants  to  the  roots  of  the  corn  plants  as  the  weeds  in  the  field  are  de- 
stroyed by  cultivation,  and  there  they  continue  to  multiply  the  whole 
season  thru. 

11.  The  corn  root-louse  may  live  and  propagate  thru  the  sea- 
son on  a considerable  variety  of  other  plants,  including  several  com- 
mon weeds,  but  on  none  of  them  in  numbers  to  make  the  fact  a matter 
of  serious  economic  importance.  Injury  to  corn  by  root-lice  is  almost 
wholly  due  to  those  which  have  fed  and  bred  in  fields  of  corn,  and  not 
to  the  comparatively  scanty  stock  which  lives  on  other  plants.  From 
this  it  appears  that  if  they  are  generally  prevented  from  getting  a start 
in  corn  fields  in  spring,  their  injury  to  corn  will  be  insignificant. 

12.  The  root-lice  may  be  most  easily  destroyed  in  early  spring, 
and  a strong  check  may  also  be  put  upon  the  multiplication  of  the 
corn-field  ants  by  early  plowing  of  old  corn  fields  to  a depth  of  six  or 
seven  inches,  followed  by  repeated  deep  disking  as  a preparation  of  the 
ground  for  corn.  This  treatment  acts  by  killing  and  keeping  down 
the  young  weeds  on  which  the  root-lice  are  feeding,  and  by  breaking 
up  the  burrows  of  the  ants  and  scattering  the  eggs  and  young  of  the 
root-lice  and  the  eggs  and  young  of  the  ants  themselves  thru  the  dirt 
so  thoroly  that  the  ants  can  not  recover  their  property  even  if  they 
remake  their  nests. 

13.  As  corn  planted  on  ground  not  in  that  crop  the  year  before 
may  become  infested  by  winged  root-lice  from  neglected  fields  of  last 
year’s  corn,  anything  like  a general  control  of  the  injury  requires  a 
general  clearing  up  of  old  infested  fields  in  spring.  So  far  as  possible, 
any  such  fields  should  be  treated  as  prescribed  under  No.  12,  both  as 
a protection  of  one’s  own  corn  crop,  which  is  likely  to  be  first  and 
most  heavily  infested,  as  a rule,  by  the  root-lice  of  one’s  own  raising, 
and  also  as  a duty  to  one’s  neighbors,  whose  crops  should  not  be  left 
to  suffer  injury  because  of  one’s  own  negligence. 

14.  When  this  program  of  preventive  preparation  of  old  corn 
fields  can  not  be  fully  carried  out,  some  temporary  advantage  may 
sometimes  be  gained  in  the  beginning  by  planting  with  the  seed  sub- 
stances so  offensive  and  repellent  to  the  ants  that  they  will  keep  out 
of  the  hill  until  these  have  disappeared.  Such  substances  are  oil  of 
tansy,  tincture  of  asafetida.  oil  of  sassafras,  anise  oil,  kerosene,  oil  of 
lemon,  and  a number  of  other  volatile  oils  and  strong-smelling  sub- 
stances. the  vapors  from  which  the  corn-field  ants  can  not  endure. 
These  fluids  were  formerly  used  by  mixing  the  seed  with  them  direct. 
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but  applied  in  this  way  they  are  likely,  under  certain  weather  condi- 
tions, to  be  injurious  to  the  kernel  and  to  the  young  plant.1 

15.  While  there  is  no  evidence  that  the  corn  root-aphis  thrives 
best  on  comparatively  unthrifty  plants,  as  do  many  other  insects,  it  is 
sure  that  the  corn  plant  endures  the  drain  of  its  infestation  with  less 
injury  when  the  soil  is  fertile  and  the  corn  well  cared  for.  The  good 
corn-farmer  on  a good  corn-farm  will  consequently  suffer  less  from 
this  insect,  as  a rule,  than  his  less  careful  and  less  fortunate  neighbor. 

16.  A frequent  rotation  of  crops,  with  a short  period  in  corn,  is 
a most  valuable  measure  of  prevention  against  root-louse  injury,  since 
corn  following  some  other  crop  than  corn  can  only  become  infested 
by  means  of  root-lice  coming  into  it  from  outside  fields. 

17.  The  more  generally  correct  practices  are  followed  in  any 
neighborhood  the  less  will  be  the  injury  done  by  the  root-aphis  to 
the  fields  even  of  those  who  pay  no  attention  to  it.  On  the  other  hand, 
a general  neglect  of  it  will  give  it  such  opportunities  of  multiplication 
that  it  will  swarm  out  of  infested  fields  in  numbers  to  give  its  attacks 
the  character  of  an  epidemic.  It  is  consequently  to  the  interest  of 
every  one  to  do  his  best  to  establish  the  correct  routine  of  corn  culture 
thruout  his  neighborhood,  as  well  as  to  follow  it  carefully  himself. 

18.  Finally,  to  prevent  mistakes,  the  fact  should  be  known  that  a 
few  other  kinds  of  root-lice  are  likely  to  infest  the  roots  of  corn  tem- 
porarily, even  when  the  crop  is  planted  on  ground  not  in  corn  the  year 
before.  Certain  grass  root-lice  and  clover  root-lice  may  live  for  a time 
on  corn,  and  may  even  do  some  injury  in  early  spring,  leaving  the 
fields,  however,  before  the  summer  is  over. 

Recent  Articles  in  the  Office  Reports 

My  latest  articles  on  the  corn  root-aphis,  giving  the  results  of  ex- 
periments in  detail,  were  published  in  1908  and  1909  in  my  Thirteenth 
and  Fourteenth  reports.  The  first  of  these  articles  gives  an  account 
of  several  field  experiments  made  in  1904  and  1905,  with  deep  plowing 
and  repeated  disking  of  infested  fields  as  a preparation  of  the  ground 
for  planting;  and  the  second  article  describes  a long  series  of  experi- 
ments made  in  1905  and  1906,  in  the  insectary  and  in  the  field,  with 
various  repellent  substances  applied  to  the  seed  at  planting  with  a 
view  to  excluding  the  ants  and  the  root-lice  from  the  hills. 

1 This  statement  concerning  conditions  under  which  seed-corn  may  be  injured 
by  kerosene  and  other  oils  is  based  upon  extensive  and  very  careful  experi- 
ments made  by  Dr.  J.  H.  Whitten  when  he  was  a graduate  student  in  botany 
at  the  University  of  Illinois.  The  results  of  these  experiments  have  now  been 
published  by  him  in  detail  in  the  Bulletin  of  the  Illinois  State  Laboratory  of 
Natural  History,  Volume  X,  Article  V. 
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In  the  first  article1  it  was  shown  that  after  the  usual  plowing  and 
harrowing  as  a preparation  for  corn,  disking  three  times  additional 
and  harrowing  once  had  the  effect  to  reduce  the  number  of  root-lice 
on  the  experimental  plots  92  per  cent,  and  the  number  of  hills  in- 
fested by  root-lice  82  per  cent;  and  to  reduce  the  number  of  ants  92 
per  cent  and  the  number  of  hills  infested  by  ants  64  per  cent.  It  was 
further  shown  that  twice  disking  reduced  the  number  of  root-lice  84 
per  cent  and  the  number  of  hills  infested  by  them  75  per  cent,  the  num- 
ber of  ants  65  per  cent  and  the  number  of  hills  infested  by  them  59 
per  cent ; and  that  once  disking  reduced  the  root-lice  and  hills  infested 
by  them  43  per  cent  and  41  per  cent,  and  the  ants  and  hills  infested  by 
them  42  per  cent  and  33  per  cent,  respectively.  All  these  ratios  were 
determined  in  each  case  by  comparison  with  check  plots  in  the  same 
fields  which  had  received  only  the  usual  preparation  for  corn. 

These  facts,  taken  by  themselves,  seem  thoroly  conclusive  and 
highly  satisfactory.  Nevertheless,  since  corn  root-lice,  like  most  in- 
jurious insects,  are  largely  affected  by  the  varying  conditions  of 
weather,  soil,  and  crop,  it  was  thought  necessary  to  test  these  conclu- 
sions by  repeating  and  varying  the  above  experiments  in  a way  to  ar- 
rive at  maximum,  minimum,  and  average  benefits  under  the  varying 
phases  and  practices  of  Illinois  agriculture.  It  is  a part  of  the  purpose 
of  this  article  to  give  the  product  of  these  later  experimental  studies 
in  detail. 

The  second  article  above  referred  to.2  that  published  in  my  Four- 
teenth Report,  dealt  especially  with  the  effects  of  the  treatment  of  seed- 
corn  with  oil  of  lemon,  carbolic  acid,  formalin,  and  pure  kerosene, 
with  the  general  result  that  under  the  conditions  of  1906,  where  seed- 
corn  was  treated  with  oil  of  lemon  just  before  planting  in  infested 
fields,  the  yield  was  increased  by  1,159  ear-bearing  stalks  to  the  acre, 
while  a similar  treatment  of  the  seed  with  carbolic  acid  increased  the 
yield  by  945  such  stalks,  a formalin  treatment  by  742,  and  a kerosene 
treatment  by  274.3 

Notwithstanding  this  surprisingly  favorable  result,  there  was  some 
appearance  of  injury  to  the  seed  by  all  these  substances.  The  check- 
plot  contained  more  living  hills  to  the  80-rod  row  than  any  of  the  ex- 
perimental plots,  the  difference  being  small,  however,  except  in  the 

1 Field  Experiments  on  the  Corn  Root-aphis  ( Aphis  maidiraoicis  Forbes). 
24th  Rep.  State  Ent.  111.,  pp.  8-29.  See  especially  the  table  on  p 29. 

Experiments  with  Repellents  against  the  Corn  Root-aphis,  1905  and  1906. 
25th  Rep.  State  Ent.  111.,  pp.  1-26. 

325th  Rep.  State  Ent.  111.,  p.  21. 
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plot  treated  with  kerosene,  the  hills  in  which  numbered  only  82.5  per 
cent  of  those  in  the  check. 

The  whole  operation  of  this  year  was  regarded  as  provisional 
only,  and,  in  the  language  of  my  report,  its  conclusions  were  “taken  as 
applying  exactly  only  to  similar,  if  not  identical,  conditions — a similar 
soil  similarly  prepared,  equally  infested  with  the  corn  root-aphis,  and 
subject  to  similar  weather  conditions — and  with  a treatment  of  seed 
identical  with  ours  in  all  particulars,  including  materials  of  the  same 
quality  and  strength.  How  far  the  results  here  described  may  be  ex- 
pected to  apply  to  a different  soil,  less  heavily,  or  even  much  more 
heavily,  infested,  more  thoroly  prepared,  and  planted  during  either 
a very  wet  spring  or  a very  dry  one,  with  a less  perfect  seed,  treated 
with  slightly  different  chemicals  and  compounds,  can  be  learned  only 
by  repeated  and  varied  experiment.”1  As  will  be  seen  from  later 
studies  described  in  this  paper,  this  cautionary  remark  has  been  jus- 
tified by  the  fact  that  no  equally  favorable  result  has  been  obtained 
since  1906. 

List  of  Operations  here  Reported 

1907 

1.  Field  experiments  with  repellents,  near  Leroy,  McLean  county, 
in  charge  of  E.  O.  G.  Kelly  and  J.  J.  Davis. 

2.  Field  experiments  with  repellents  by  the  Bloomington  Canning 
Company,  near  Normal,  McLean  county,  reported  by  J.  A.  West. 

3.  Laboratory  experiments  made  by  J.  J.  Davis  with  the  effect 
on  seed-corn  produced  by  ordinary  lemon  oil,  by  lemon  oil  from  which 
the  terpenes  had  been  extracted,  and  by  the  terpenes  themselves. 

1908 

4.  Field  experiments  near  Galesburg,  Knox  county,  supervised  by 
J.  A.  West,  but  in  immediate  charge  of  G.  E.  Sanders.  In  these  ex- 
periments various  repellents  were  applied  to  the  seed,  and  the  soil  was 
variously  prepared  for  planting  by  plowing  to  different  depths,  by 
disking  different  numbers  of  times,  and  by  plowing  in  fall  and  spring. 
A comparison  was  also  made  of  infestation  and  injuries  by  root-lice 
to  a plot  of  corn  on  old  oats-ground  and  to  corn  on  old  corn-ground. 

1909 

5.  Field  experiments  near  Bloomington,  McLean  county,  in  joint 
charge  of  G.  E.  Sanders  and  W.  P.  Flint.  This  was  essentially  an  ex- 


1 25th  Rep.  State  Ent.  111.,  p.  22. 
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periment  with  different  treatments  of  the  soil  previous  to  planting  as 
affecting  subsequent  infestation  by  ants  and  aphids.  Studies  of  the 
effects  of  repeated  deep  stirring  of  the  soil  on  the  movements  of  the 
ants  under  ground  were  also  carried  on  by  continuous  observations 
made  at  night. 

6.  Laboratory  experiments  made  by  Mr.  M.  C.  Tanquary,  at  Ur- 
bana,  with'  ants  exposed  to  various  repellent  substances  with  a view  to 
the  selection  of  those  repellents  for  use  which  proved  to  be  the  most 
repulsive  to  the  ants  for  the  longest  time. 

1910 

7.  Field  experiments  near  Galesburg,  Knox  county,  made  by  G.  E. 
Sanders  and  W.  P.  Flint,  with  various  repellents  mixed  with  fertilizers 
to  be  dropped  with  the  corn  by  means  of  a fertilizer-dropper.  Experi- 
ments were  also  made  with  the  cultivation  method  varied  to  include 
heavy  rolling  of  the  soil  after  deep  disking  as  a preparation  for  the 
planting  of  corn. 

Effect  of  a Wet  Planting-Time  on  the  Action 
of  Repellents 

A better  example  of  the  effects  of  weather  upon  a root-louse  in- 
festation of  com  could  scarcely  have  been  devised  than  the  contrast 
between  the  seasons  of  1906  and  1907,  the  former  having  been  a rather 
dry  spring  with  rather  high  temperatures  at  our  points  of  observation 
and  experiment,  and  the  latter,  an  unusually  wet  one  in  May  and 
June,  with  low  average  temperatures,  especially  in  April  and  May.  In 
May  and  June,  1906,  both  ants  and  root-lice  in  the  fields  we  used  were 
at  their  best,  while  in  1907  the  root-lice  almost  disappeared  from  the 
worst-infested  fields  in  May.  These  differences  of  weather  worked  an 
even  greater  difference  in  the  effects  produced  on  these  insects  by  a 
treatment  of  the  seed  with  repellent  substances  like  oil  of  lemon  and 
kerosene.  In  the  dry  spring  of  1906,  ants  and  plant-lice  were  kept  out 
of  treated  hills  for  a considerable  time,  to  the  great  advantage  of  the 
crop,  while  in  the  wet  spring  of  1907  there  was  most  commonly  no 
difference  between  the  treated  and  untreated  plots  in  respect  to  the 
number  of  ants  and  root-lice  which  they  contained. 

A still  more  important  fact  was  disclosed  by  a large-scale  field  ex- 
periment made  by  the  Bloomington  Canning  Co.,  to  the  effect  that  if 
frequent  rains  follow  upon  the  planting,  heavy  damage  may  be  done 
to  the  seed  itself  by  the  oil  of  lemon  or  kerosene  treatment,  altho 
the  ants  and  root-lice  may  not  be  appreciably  disturbed  by  these  repel- 
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lents.  As  this  last  point  is  especially  important,  and  can  be  presented 
briefly,  it  will  be  first  discussed. 

THE  BLOOMINGTON  CANNING  CO.  EXPERIMENT 

As  a consequence  of  newspaper  statements  concerning  the  valu- 
able effects  of  our  treatment  of  seed-corn  with  oil  of  lemon  in  1906, 
one  of  the  farm  managers  of  the  Bloomington  Canning  Co.i  called  at 
my  office  in  the  spring  of  1907  for  personal  information  and  advice. 
Upon  a statement  of  the  facts  of  our  experience  of  the  previous  year, 
he  undertook  an  experimental  planting  in  one  of  the  company  fields 
near  Normal,  McLean  county,  the  results  of  which,  as  given  me  July 
1,  by  Mr.  P.  Whitmer,  the  president  of  the  canning  company,  showed 
so  serious  an  injury  to  the  seed  by  the  treatment  that  I sent  to  Normal 
one  of  my  most  valued  assistants,  Mr.  Jas.  A.  West,  for  an  investiga- 
tion of  the  facts  and  circumstances.  The  following  is  his  character- 
istically full  and  careful  report,  dated  July  8,  1907. 

“The  Canning  Co.  field  was  located  three  and  a half  to  four  miles 
northwest  of  Bloomington  on  the  east  side  of  the  L.  E.  & W.  Railroad. 
It  contained  sixty  acres  of  quite  level  land.  This  field  was  planted 
June  20,  21,  and  22,  1907,  by  John  Zook,  with  seed  of  ‘Acme  Ever- 
green’ corn — a very  early  and  very  tender  variety.  Under  germination 
tests  92  to  94  per  cent  of  the  kernels  had  grown.  My  information  was 
obtained  from  Andrew  Lindblad,  the  head  farmer.  He  was  not  in 
the  field  when  it  was  planted,  but  he  says  that  John  Zook,  who  did  the 
planting,  is  a perfectly  reliable  and  very  intelligent  man. 

“Mr.  Zook  purchased  May  17,  1907,  of  John  Frey,  a druggist  at 
Bloomington,  one  pound  of  oil  of  lemon  ($2.50),  one  gallon  of  de- 
natured alcohol  (85  cents,  including  the  jug),  and  a ‘four-ounce’  bot- 
tle to  be  used  as  a measure.  A subsequent  test  of  this  bottle  showed 
that  it  actually  held  six  ounces.  He  mixed  the  oil  and  alcohol,  June  20, 
by  pouring  into  a pint  of  the  latter  nearly  all  of  the  oil  of  lemon  and 
shaking  the  jug.  The  seed  was  measured  with  a half-gallon  tin  pail, 
and  treated,  in  a galvanized  pan,  by  stirring  into  each  gallon  three 
ounces  of  the  alcohol  and  oil  of  lemon  mixture,  enough  of  the  seed  be- 
ing treated  each  time  to  fill  the  two  planter-boxes,  which  held  two 
gallons  each.  The  boxes  were  filled  alternately  with  treated  and  un- 
treated seed,  and  this  process  was  continued  until  about  forty  acres  had 
been  planted,  except  that  a strip  thru  the  center  of  the  field  was 
planted  with  six  boxes  full  of  untreated  seed. 

“The  unused  remainder  of  the  oil  was  given  me;  the  jug  in  which 
the  oil  and  alcohol  were  mixed  was  seen ; the  iron  pan  in  which  the 
mixing  was  done  was  large  enough  to  permit  the  thoro  stirring  of 
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the  corn ; the  half-gallon  pail  used  for  measuring  the  seed  was  tested 
and  found  to  hold  just  that  amount;  and  the  bottle  used  to 
measure  out  the  mixture,  said  to  have  been  obtained  from  the  drug- 
gist as  a 4-ounce  bottle,  and  identified  by  Mr.  Zook  and  Mr.  and  Mrs. 
Lindblad,  still  retained  the  odor  of  the  oil.  On  testing  it,  I found  it  to 
be  a 6-ounce  bottle.  The  treatment,  so  far  as  I can  see,  was  according 
to  the  prescription  except  that  eighteen  ounces  of  the  mixture,  instead 
of  twelve  ounces,  was  evidently  used  with  each  four  gallons  of  corn. 

“The  following  is  an  outline  of  the  conditions  found  in  the 
separate  plots  of  treated  and  untreated  corn. 

“Plot  No.  1.  Twelve  rows  planted  with  untreated  seed.  Four 
hundred  hills  examined,  of  which  nine  were  vacant.  Average  number 
of  plants  to  the  hill,  3.19.  Thirty-one  per  cent  of  the  hills  were  in- 
fested by  ants,  and  root-lice  were  present  in  80  per  cent  of  these,  or  in 
25  per  cent  of  the  whole  four  hundred. 

“Plot  No.  2.  Ten  rows  planted  with  treated  seed.  Four  hundred 
hills  examined,  112  of  which  were  vacant.  Average  number  of  plants 
to  the  hill,  1.32.  Fifty-six  per  cent  of  the  hills  were  infested  with 
ants,  and  72  per  cent  of  these,  or  40  per  cent  of  the  whole  number, 
contained  root-lice. 

“Plot  No.  3.  Twelve  rows  planted  with  untreated  seed.  Four 
hundred  hills  examined,  two  vacant.  Average  number  of  plants  to  the 
hill,  3.03.  Twenty-seven  per  cent  infested  with  ants,  and  85  per  cent 
of  these,  or  23  per  cent  of  the  whole  number,  by  root-lice. 

“Plot  No.  4.  Twelve  rows  planted  with  treated  seed.  Four  hun- 
dred hills  examined,  178  vacant.  Average  number  of  plants  to  the 
hill,  1.51.  Sixty-one  per  cent  infested  with  ants,  and  84  per  cent  of 
these,  or  51  per  cent  of  the  whole  number,  with  root-lice. 

“Plot  No.  5.  Fourteen  rows  planted  with  untreated  seed.  Four 
hundred  hills  examined,  five  vacant.  Average  number  of  plants  to 
the  hill,  3.28.  Thirty-five  per  cent  injured  by  ants,  and  81  per  cent  of 
these,  or  28  per  cent  of  the  whole  number,  infested  by  root-lice. 

“Plot  No.  6.  Fourteen  rows  planted  with  treated  seed.  Four 
hundred  hills,  129  vacant.  Average  number  of  plants  to  the  hill,  1.07. 
Fifty  per  cent  infested  by  ants,  and  69  per  cent  of  these,  or  34  per  cent 
of  the  whole  number,  infested  by  root-lice. 

“Plot  No.  7.  Fourteen  hills  planted  with  untreated  seed.  Four 
hundred  hills,  one  vacant.  Average  number  of  plants  to  the  hill,  3.24. 
Twenty-nine  per  cent  infested  with  ants,  and  74  per  cent  of  these,  or 
21  per  cent  of  the  whole  number,  infested  by  root-lice. 

“Plot  No.  8.  Fourteen  rows  planted  with  treated  seed.  Places 
for  400  hills,  248  vacant.  Average  number  of  plants  to  the  hill,  1.03. 
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Seventy-nine  per  cent  infested  by  ants,  and  91  per  cent  of  these,  or  72 
per  cent  of  the  whole  number,  infested  by  root-lice. 

“Plot  No.  9.  Two  counts  in  different  parts.  Forty-eight  rows 
planted  with  untreated  seed.  Four  hundred  hills  examined,  none  va- 
cant. Average  number  of  plants  to  the  hill,  3.18.  Twenty-seven  per 
cent  of  hills  infested  by  ants,  and  79  per  cent  of  these,  or  21  per  cent 
of  the  whole  number,  infested  by  root-lice. 

“Plot  No.  10.  Fourteen  rows  planted  with  treated  seed.  Four 
hundred  hills  examined,  167  vacant.  Average  number  of  plants  to  the 
hill,  1.83.  Fifty-eight  per  cent  were  infested  by  ants,  and  70  per  cent 
of  these,  or  41  per  cent  of  the  whole  number,  infested  by  root-lice. 

“All  counts  were  made  in  the  central  rows  of  the  plots,  and  the 
missing  hills  were  not  taken  into  account  in  calculating  the  average 
number  of  plants  per  hill.  Only  hills  infested  with  ants  were  examined 
for  root-lice.  The  latter  were  not  counted,  but  were  commonly  com- 
paratively scarce,  being  very  abundant  in  only  two  hills. 

“About  forty  acres  of  the  field  was  included  in  this  experiment, 
twenty  acres  on  the  west  side  being  planted  with  untreated  seed.  The 
plants  in  the  untreated  plots  were  uniformly  stronger  than  those  in  the 
treated  plots.  The  ungerminated  seed  of  the  treated  plots  was  swollen, 
sour,  and  often  covered  with  a greenish  mold.  Very  often  it  had  a 
peculiarly  reddish  discoloration  of  the  seed-coat.  In  the  seeds  of  the 
first  day’s  planting  (June  20)  the  swollen  condition  was  disappearing 
and  the  kernels  were  rotting  and  shriveling  up.  They  had  made  no 
start  at  germination.  The  company  tests  the  germination  of  all  the 
seed  it  uses,  and  expects  an  average  of  3.25  plants  per  hill. 

“I  have  detailed  weather  records  for  March,  April,  May,  and 
June,  1907,  as  kept  by  Mr.  Perce,  of  the  Bloomington  High  School. 

The  record  for  the  time  of  planting  and  immediately  afterwards 
is  as  follows. 


Date 

Temperature 

Precipitation 

Maximum 

Minimum 

June  19 





.29 

20 

87 

66 

Trace 

21 

77 

69 

.04 

22 

87 

66 

.43 

23 

85 

66 

.45 

24 

80 

65 

1.35 

25 

71 

62 

.15 

26 

78 

52 

.0 

27 

78 

52 

.0 

28 

80 

50 

.0 

29 

85 

55 

.0 

30 

90 

60 

.0 
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It  appears  from  Mr.  West’s  report  that  2,000  hills  were  examined 
by  him  in  untreated  plots,  of  which  only  17  were  missing — a ratio  of 
less  than  1 per  cent ; and  that  2,000  hills  were  examined  in  treated 
plots,  of  which  834  were  missing — a ratio  of  41.7  per  cent.  This  dif- 
ference in  missing  hills  was,  furthermore,  fairly  uniform  in  the  various 
plots,  ranging  from  none  to  9 per  400  hills  in  the  plots  planted  with 
untreated  seed,  and  from  112  to  248  in  those  whose  seed  had  been 
treated.  The  average  number  of  stalks  to  the  hill  in  the  untreated 
plots  varied  from  3.03  to  3.28,  and  in  the  treated  plots  it  varied  from 
1.03  to  1.83. 

Treatment  of  Seed-corn  with  Lemon  Oil  and  Alcohol, 

Check  and  Experimental  Plots  of  2,000  Hills  each 


Plots 

Hills  with 
corn 

Hills  without 
corn 

Per  cent 
missing 

Stalks 
to  hill 

Stalks  in 
2,000  hills 

Per  cent  of 
hills  lost 

Per  cent  of 
stalks  lost 

Check 

Treated 

1,983 

1,166 

17 

834 

.85 

41.7 

3.17 

1.35 

6,286 

1,574 

40.8 

73 

From  the  above  table  it  will  be  seen  that  an  unquestionable  effect 
of  the  treatment  of  seed-corn  with  lemon  oil  and  alcohol  was  to  cause 
a loss  in  this  field  of  about  40  per  cent  of  the  hills  and  nearly  three- 
fourths  of  the  stand.  Owing  to  the  much  smaller  number  of  hills  in 
the  treated  plots,  the  ants  and  root-lice  occurring  there  were  of  course 
so  concentrated  in  the  remaining  hills  that  a much  larger  percentage 
of  these  hills  were  infested  than  in  the  untreated  checks — a fact  which 
led  to  the  natural  but  mistaken  conclusion  that  the  lemon  oil  had 
actually  attracted  the  ants  and  root-lice  instead  of  repelling  them. 

The  problem  of  the  cause  of  the  injury  was  rendered  more  per- 
plexing by  a statement  made  to  me  July  1.6,  in  a letter  from  the  vice- 
president  of  the  canning  company,  Ira  S.  Whitmer,  who  says : 

“In  reference  to  damage  that  was  done  to  some  of  our  sweet  corn 
that  was  planted  at  Bloomington  about  which  you  have  had  some 
correspondence,  we  are  pleased  to  state  that  the  result  of  the  use  of 
oil  of  lemon  and  alcohol  on  sweet  corn  that  we  planted  at  Chenoa,  was 
much  more  favorable.  We  have  a letter  today  from  Chenoa  stating 
that  the  seed-corn  on  which  this  preparation  was  used  sprouted  and 
did  equally  well  as  that  on  which  no  special  preparation  was  used.  We 
have  a good  stand  of  corn  on  the  entire  field  at  Chenoa,  111.,  where  the 
oil  of  lemon  preparation  was  used.” 
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From  this  and  other  evidence  of  like  purport  it  seems  unquestion- 
able that  injury  to  the  seed  was  due  to  local  circumstances;  and  as  oil 
of  lemon  is  known  to  be  of  varying  quality  and  in  this  case  was  ob- 
tained from  different  sources,  it  was  at  first  surmised  that  differences 
in  the  quality  of  the  oil  caused  these  differences  in  the  result  of  its 
application.  In  this  connection  the  following  statement  in  a letter 
dated  July  10,  1907,  from  J.  M.  Francis,  of  the  well-known  firm  of 
Parke,  Davis  & Co.,  druggists,  of  Detroit,  Mich.,  will  be  of  interest. 

“I  have  consulted  all  of  the  authorities  available  and  have  also 
looked  up  the  data  which  we  have  accumulated  in  our  own  laboratory 
as  the  result  of  examining  quite  a large  number  of  samples  of  this 
[lemon]  oil,  and  it  appears  that  the  substance  generally  used  for  the 
adulteration  of  oil  of  lemon  is  the  terpene  oil  which  results  from  the 
manufacture  of  the  terpeneless  oil  of  lemon. 

“You  understand,  of  course,  that  the  oils  of  orange  and  lemon, 
and  in  fact  all  of  the  similar  oils,  contain  greater  or  less  quantities  of 
terpenes  which  are  very  similar  to  ordinary  oil  of  turpentine,  and 
which  give  to  these  oils  a peculiar  disagreeable  turpentine  odor  when 
they  undergo  an  oxidizing  process  through  age.  In  order  to  avoid  this 
objectionable  change  in  odor,  and  also  to  render  the  oils  more  freely 
soluble  in  water,  many  firms  extract  the  desired  flavoring  principle  from 
the  oil  of  lemon  or  orange,  leaving  these  terpenes  behind  as  a by- 
product. It  is  very  natural  that  oil  dealers  should  desire  to  cheapen 
their  oil  of  lemon  by  using  these  terpenes,  as  they  are  normal  constitu- 
ents of  the  oil.  It  appears  that  ordinary  turpentine  is  sometimes  used 
as  a diluent.” 

From  these  statements  I was  disposed  to  surmise  that  an  excess 
of  terpenes  in  the  Bloomington  sample  might  have  been  the  cause  of 
the  injury  to  seed-corn  in  the  McLean  county  field  of  the  canning  com- 
pany, and  this  supposition  was  tested  by  several  series  of  experiments 
made  by  one  of  my  assistants,  John  J.  Davis. 

TESTS  OF  LEMON  OILS  AND  TERPENES 

These  experiments  were  in  three  series  of  pot-plantings,  each 
made  with  fifty  kernels  of  corn,  and  handled  as  nearly  as  practicable  in 
an  identical  manner.  Each  variation  of  the  treatment  included  two 
hundred  kernels  planted  in  four  pots ; but  as  the  results  in  the  different 
sets  differ  from  each  other,  generally  speaking,  less  than  the  results 
from  the  different  pots  of  the  same  set,  it  is  unnecessary  to  give  de- 
tails by  sets  of  four,  and  the  product  of  the  experiments  may  be  re- 
ported in  much  more  general  terms. 
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The  pots  were  kept  in  an  insectary  greenhouse,  and  all  those  of 
each  series  were  planted  on  the  same  day — the  first  series  on  the  29th 
of  August,  1907,  and  the  second  on  the  5th  of  September,  and  the 
third  on  the  8th  of  that  month.  All  measurements  of  mixtures  were 
made  with  a pipette  graduated  to  hundredths  of  a cubic  centimeter, 
with  the  exception  of  eight  of  the  4-pot  sets,  in  which  the  measure- 
ments were  made  by  drops ; but  as  these  were  subsequently  duplicated 
by  centimeter  measurements,  which  gave  virtually  the  same  results, 
they  need  not  be  separately  described. 

In  the  first  planting — that  of  August  29 — 750  kernels  were  planted 
without  treatment  in  fifteen  pots,  as  checks  upon  the  various  phases 
of  the  experiment ; 800  kernels  were  treated  before  planting  with 
ordinary  lemon  oil  and  alcohol,  1,000  kernels  with  terpeneless  lemon 
oil  and  alcohol,  400  kernels  with  terpenes  unmixed,  and  600  kernels 
with  terpenes  and  alcohol.  Where  alcohol  was  used,  it  was  mixed  with 
the  oils  in  one  of  two  proportions,  corresponding  to  the  directions  given 
in  two  different  circulars  issued  from  my  office.  In  one  of  these 
proportions  the  oil  was  in  the  ratio  of  .3  of  an  ounce,  and  the  alcohol 
2.7  ounces,  to  the  gallon  of  corn,  while  in  the  other  the  corresponding 
figures  were  .3225  ounces  for  the  oils  and  2.2575  ounces  for  the  alcohol. 
As  a tabulation  of  the  data  for  these  two  strengths  of  the  mixture 
shows  no  essential  difference  between  them,  they  are  thrown  together 
in  the  following  table.  The  pure  terpenes  were  used  in  the  proportion 
of  a teaspoonful  (.125  of  an  ounce)  to  the  gallon  of  corn. 

The  main  outcome  of  these  plantings  is  shown  in  the  following 
comparative  table. 


Pot  Plantings  of  Corn  Treated  with  Ordinary  Lemon  Oil,  Terpeneless 
Lemon  Oil,  and  Pure  Terpenes,  August  29,  1907. 


Treatment 

No.  of 
kernels 

Per  cent  of  plants  up 

Av.  height  in 
inches  Sept.  7 j 

1 

Sep 

2 

temb 

3 

>er 

5 

7 

None  (check)  

750 

800 

1,000 

400 

600 

6 

3.9 

5.4 

2 

3.2 

68 

52 

61 

52 

64 

73 

63 

71 
68 

72 

76 
73 
80 
79 

77 

79 

76 

82 

79 

78 

3.72 

3.33 

3.40 

3.37 

3.62 

Ordinary  lemon  oil  with  alcohol.... 
Terpeneless  lemon  oil  with  alcohol.. 
Pure  terpenes  

Terpenes  with  alcohol  

A second  series  of  experiments,  with  plantings  made  September  5, 
gives  virtually  identical  results  with  those  of  the  preceding  table  ex- 
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cept  that  we  have  in  this  an  indication  of  injury  to  seed,  not  by  the 
crude  oil  of  lemon  or  by  the  terpenes  but  by  the  terpeneless  oil.  Why 
this  injury  should  appear  in  these  experiments  and  not  in  the  preced- 
ing, I am  unable  to  explain  except  on  the  supposition  that  the  two  sets 
of  pots  received  different  amounts  of  water,  the  reasons  for  which 
supposition  will  appear  later.  The  proportions  of  oil  of  lemon  and 
terpeneless  oil  in  the  mixtures  are  the  same  in  this  table  as  in  the  pre- 
ceding one.  In  the  last  of  these  experiments  the  alcohol  mixture  with 
oil  of  lemon  contained  terpenes  to  the  amount  of  5,  10,  and  20  per 
cent  respectively  in  the  different  lots ; but  as  these  do  not  vary  in  their 
average  effect  upon  the  seed,  they  are  here  thrown  together. 

Pot  Plantings  of  Corn  Treated  with  Ordinary  Lemon  Oil,  Terpeneless 
Lemon  Oil,  and  Pure  Terpenes,  September  5,  1907 


Treatment 

No.  of 
kernels 

Per  cent  of  plants  up 

Av.  height  in 
inches  Sept.  17  j 

12 

Sep 

13 

temb 

14 

er 

16 

19 

None  (check)  

300 

400 

400 

600 

5. 

12. 

1.5 

1.8 

34 

41 

14 

19 

66 
60 
43 
| 53 

74 

71 
62 

72 

75 

73 

66 

75 

3.27 

3.53 

2.9 

3.15 

|rpmnTi  nil  with  alcohol 

Terpeneless  lemon  oil  with  alcohol. 
Lemon  oil  and  terpenes  with  alcohol 

Still  another  experiment,  begun  September  8,  differed  from  the 
others  in  the  much  stronger  solutions  of  the  essential  oils.  These  were 
used  at  the  rate  of  .75  of  an  ounce  of  the  oils  to  the  gallon  of  corn, 
making  solutions  about  two  and  a half  to  three  times  as  strong  as  those 
previously  used.  In  this  series  we  have  clear  confirmatory  evidence  of 
the  injurious  effect  of  the  terpeneless  oil,  and  also  of  a lesser  injury  by 
the  ordinary  lemon  oil,  as  is  shown  by  the  following  table. 

Pot  Plantings  Treated  with  Ordinary  Lemon  Oil,  Terpeneless  Oil, 
and  Terpenes,  September  8,  1907 


Treatment 

D 42 
<u 

Per  cent  of  plants  up 

X Q, 

5 £ 

16 

Sept 

17 

ember 

19 

22 

X <o 

1 > o 

<.s 

None  (check)  

100 

74 

78 

80 

80 

68 

4.87 

Lemon  oil  

200 

38 

56 

66 

3.69 

Terpeneless  lemon  oil  

200 

5 

16 

23  1 

27 

2.19 

Terpenes  

i 200 

59 

68 

69 

71 

4.75 
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The  inference  that  terpeneless  oil  of  lemon,  produced  by  distilling 
off  the  more  volatile  terpenes  from  the  ordinary  oil,  is  more  likely  to 
be  injurious  to  seed-corn  than  either  the  terpenes  or  the  crude  oil,  is 
confirmed  in  an  interesting  manner  by  the  results  of  experiments  de- 
scribed by  Dr.  Whitten  in  the  paper  already  referred  to,  in  which  he 
says : “At  the  present  the  trend  of  evidence  tends  to  show  that  the 

[corn]  grains  bear  immersion  in  the  lighter  oils  without  injury  for 
much  longer  periods  than  in  the  heavier  oils,  and  that  the  injurious 
after-effects  of  the  latter  are  more  pronounced  than  those  of  the 
former.”1 

As  a general  conclusion  from  this  phase  of  my  discussion,  it  may 
be  said  that  my  supposition  that  injury  to  planted  seed-corn  near 
Bloomington  was  owing  to  differences  in  the  quality  of  the  oils  applied 
to  the  seed,  was  unfounded ; and  the  cause  of  the  observed  variation  in 
the  effects  of  treatment  must  be  sought  elsewhere. 

As  a further  test  of  this  conclusion  we  may  take  two  sets  of  plant- 
ings, made  at  the  insectary,  in  which  the  seed  was  treated  with  the 
same  lemon  oils,  in  mixtures  of  the  same  strengths,  as  were  used  by 
Mr.  W.  R.  Scott,  of  Knoxville,  and  Mr.  Frank  Clark,  of  De  Long,  two 
Knox  county  farmers  who  reported  serious  injury  to  their  seed.  Sam- 
ples of  the  oils  were  obtained  from  these  farmers  with  statements  of 
the  strengths  used  by  them.  Both  bought  their  lemon  oil  in  Knox- 
ville, but  from  different  druggists.  From  the  following  table  it  will  be 
seen  that  the  insectary  plantings  of  seed  treated  with  these  oils  yielded 
results  not  materially  different  from  those  of  the  untreated  check- 
plantings  made  at  the  same  time;  and  the  injury  reported  must  hence 
have  been  due  to  some  local  cause. 


Pot  Plantings  Treated  with  Ordinary  Lemon  Oil  and  Alcohol  as  used 
by  W.  R.  Scott  and  Frank  Clark.  Experiment  of  September  22,  1907 


Insectary  test 

No.  of 
kernels 

Per 

cent  of  plants  up 

Av.  height  in 
inches  Oct.  7 

Septei 

29 

mber 

30 

I- 

| Octc 

3 

>ber 

7 

Scott’s  sample  \ . . 

200 

3 

49 

79 

81 

6.2 

Clark’s  sample  

600 

2 

21 

76 

79 

5.5 

Checks  

250 

0 

31 

81 

83 

6.1 

bulletin,  Illinois  State  Laboratory  of  Natural  History,  Vol.  X,  Art.  V, 
p.  269. 
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CONTRIBUTING  CAUSE  OF  INJURY  TO  SEED-CORN  BY  REPELLENTS 
That  the  cause  was  indeed  local  is  indicated  by  the  fact  that  in  a 
prolonged  trip  through  central  Illinois,  made  during  the  summer  of 
1907,  for  an  inquiry  concerning  the  use  of  lemon  oil  and  its  results, 
Mr.  Davis  found  a general  complaint  of  injury  to  the  seed  in  the 
vicinity  of  Galesburg,  arid  especially  between  Knoxville  and  De  Long. 
In  all  of  the  territory  covered  by  his  trip  the  lemon-oil  treatment  had 
been  more  or  less  used  in  practically  all  localities  except  in  Christian 
county,  and  there  was  commonly  no  report  of  injury  to  the  seed,  the 
main  complaint  of  the  farmers  being  the  fact  that  they  found  no  dif- 
ference in  respect  to  thrift  and  stand  between  treated  and  untreated 
corn. 

What  the  local  cause  of  injury  probably  was  in  these  various  cases 
is  shown  by  the  record  of  rainfall  at  Bloomington,  given  on  a preced- 
ing page,  taken  in  connection  with  the  proof  contained  in  Dr.  Whit- 
ten’s studies,  already  referred  to,  that  kerosene  and  other  volatile  oils 
are  injurious  to  seed-corn  in  proportion  to  the  amount  of  moisture  in 
the  ground  during  the  planting  and  germinating  period.  In  discussing 
his  own  experiments,  Dr.  Whitten  says : 

‘'When  the  amount  of  water  in  the  soil  was  reduced  from  30% 
saturation  to  25%  saturation,  the  per  cent,  of  germination  was  increased 
and  the  growth  of  the  seedlings  was  more  nearly  normal ; but  when  the 
water  content  of  the  soil  was  increased  to  50  or  75%  saturation,  the 
per  cent,  of  germination  was  markedly  decreased  and  the  subsequent 
growth  of  many  of  the  seedlings  abnormal.”  Again  he  says:  “It  is 
evident  that  within  certain  limits  the  seedlings  are  not  injured  by  the 
oil  present  at  the  time  of  planting,  provided  growth  is  initiated  in  the 
presence  of  a minimum  amount  of  water.  The  small  quantities  of 
kerosene  are  toxic  in  proportion  to  the  increase  of  the  moisture  con- 
tent of  the  soil.  In  the  50  and  75%  saturated  soils  the  dormant  period 
of  the  grain  is  always  less  than  36  hours,  while  in  the  25%  saturation 
the  time  is  extended  to  approximately  five  days.  This  increase  of  time 
affords  the  seedling  an  opportunity  to  dispose  of  the  oils  much  more 
slowly,  and  it  does  so  without  injurious  effects.”1 

The  Bloomington  rainfall  of  nearly  two  and  three-quarters  inches 
distributed  over  seven  days  and  including  the  planting  period  of  the 
Normal  field,  must  have  kept  the  ground  unusually  moist  from  the  be- 
ginning, and  is  a sufficient  explanation  of  the  injury  to  seed-corn  in 
that  field.  Unfortunately,  I can  obtain  no  weather  record  of  a place 

‘Bull.  111.  State  Lab.  Nat.  Hist.,  Vol.  X,  Art.  V,  pp.  266-267,  268. 
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where  no  injury  was  done,  for  comparison  with  the  Bloomington  ob- 
servations, and  to  that  extent  the  proof  must  remain  incomplete. 

FIELD  EXPERIMENTS  WITH  REPELLENTS,  I907 

I have  next  to  report  the  purely  negative  results  of  a series  of 
field  experiments  and  observations  begun  in  April,  1907,  at  Le  Roy, 
McLean  county,  by  one  of  my  field  assistants,  Mr.  E.  O.  G.  Kelly,  and 
continued  by  Mr.  John  J.  Davis,  to  whom  the  problem  was  transferred 
in  the  latter  part  of  June.  In  these  experiments,  intended  as  a partial 
repetition  and  verification  of  those  made  at  Elliott,  in  Ford  county,  in 
1906, 1 no  injury  was  done  to  the  seed  by  oil  of  lemon  and  alcohol,  oil 
of  citronella  and  alcohol,  carbolic  acid,  pure  kerosene,  or  pure  turpen- 
tine, each  applied  in  the  proportions  commonly  used  by  us  at  this 
time;  nor  was  any  difference  discernible  between  experimental  and 
check  plots  in  the  degree  of  infestation  by  the  ants  or  by  the  aphids. 
Both  the  observers  attributed  the  results  to  heavy  flooding  rains 
which  fell  at  intervals  during  the  whole  planting-period,  and  which 
washed  away  the  fluid  repellents  so  thoroly  that  the  seed  no  longer 
smelled  of  them.  At  the  same  time  root-lice  virtually  disappeared 
from  fields  which  had  been  especially  selected  for  experiment  because 
they  were  so  heavily  infested  by  ants  before  planting  that  it  seemed 
certain  that  the  corn  would  be  seriously  injured  by  root-lice  unless  it 
was  artificially  protected.  Rains  fell  here,  in  short,  at  a time  and  in' an 
amount  both  to  drown  out  the  root-lice  and  to  wash  away  the  re- 
pellents before  the  seed  could  be  injured. 

The  following  is  an  outline  of  the  more  important  of  these  ex- 
periments. 

Experiment  1. — A field  of  thirty  acres,  on  which  corn  was  grown 
in  1906,  preceded  by  oats  in  1905.  The  seed  used  in  planting  was 
dealt  with  as  follows : that  for  16  rows,  was  treated  with  a fourth 
of  an  ounce  of  kerosene  to  the  gallon  of  seed;  for  24  rows,  with  a 
half  ounce  of  kerosene  to  the  gallon ; for  68  rows,  untreated  and  re- 
served as  a check;  for  44  rows,  treated  with  three-fourths  of  an  ounce 
of  kerosene ; for  62  rows,  with  three  ounces  per  gallon  of  a mixture 
of  oil  of  lemon  (10  per  cent)  and  alcohol  (90  per  cent)  ; and  for  10 
rows,  untreated,  as  an  additional  check. 

The  field  was  planted  on  the  11th  of  May,  1907,  and  on  the  20th 
of  May  no  odor  of  kerosene  or  oil  of  lemon  could  be  detected  on  the 
treated  seed.  On  the  28th  of  May,  many  hills  were  burrowed  by  ants, 
but  an  examination  of  fifty  such  hills,  dug  up  for  the  purpose,  dis- 
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closed  no  root-lice.  On  the  31st  of  May  a few  root-lice  were  found. 
On  the  6th  of  June  an  examination  of  two  hundred  hills  dug  up  gave 
the  following  averages : 

Check  plots,  50  hills  examined.  Six  hundred  and  thirty-eight 
adult  ants,  no  ant  larvae,  7 root-lice. 

Plot  treated  with  half  an  ounce  of  kerosene  to  the  gallon  of  seed, 
50  hills  examined.  Two  hundred  and  ninety-four  adult  ants,  400 
larvae,  no  root-lice. 

Plot  treated  with  three-fourths  of  an  ounce  of  kerosene  to  the 
gallon  of  seed,  50  hills  examined.  Six  hundred  and  forty-one  adult 
ants,  500  larvae,  14  root-lice. 

Plot  treated  with  a 10  per  cent  solution  of  oil  of  lemon  at  the  rate 
of  three  ounces  per  gallon  of  seed,  50  hills  examined.  Seven  hundred 
and  thirty-two  adult  ants,  400  larvae,  26  root-lice. 

Taking  the  four  plots  together,  2,305  adult  ants  and  1,300  ant 
larvae  were  found  in  two  hundred  hills,  but  these  were  accompanied  by 
only  47  root-lice.  The  last  of  June  a large  number  of  hills  were  dug 
up  in  this  field,  but  no  root-lice  were  found.  No  injury  was  done  to 
the  seed,  and  a good  crop  of  corn  was  produced. 

Leroy  Experiment,  Examination  of  June  6,  1907 


Quantities  per  gallon  of  corn 

1 

No.  hills 
examined 

l 

Adult 

ants 

Ant  larvae 

Root-lice 

None  (check)  

1 50 

| 638 

0 

7 

V-2.  oz.  kerosene  

50  | 

294 

400 

0 

34  oz.  kerosene  

| 50 

| 641 

500 

14 

3 oz.  10%  solution  oil  of  lemon,  j 

50  | 

732 

400 

26 

Experiment  2. — A 40-acre  field,  in  corn  the  preceding  year,  was 
selected  because  of  the  abundance  of  ants’  nests  noticed  in  following 
the  plow,  these  averaging  a hundred  nests  to  the  mile  of  furrow.  As 
the  plow  used  turned  a 14-inch  furrow,  the  above  number  of  nests  per 
mile  was  approximately  equivalent  to  seven  hundred  per  acre.  The 
field  was  planted  May  9 and  10,  24  rows  with  seed  treated  with  three- 
fourths  of  an  ounce  of  turpentine  to  a gallon  of  seed;  24  rows  with 
half  an  ounce  of  turpentine  to  the  same;  16  rows  with  two  ounces  of  a 
10  per  cent  alcoholic  solution  of  oil  of  lemon  to  the  gallon;  20  rows 
with  three  ounces  of  the  same  to  the  gallon;  and  32  rows  with  three 
ounces  of  a 10  per  cent  solution  of  oil  of  citronella  to  the  gallon. 

The  seed  in  this  field  had  begun  to  grow  on  the  17th  of  May,  and 
ants  were  found  at  this  time  in  the  checks  but  not  in  the  treated  plots. 
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On  the  6th  of  June,  on  the  other  hand,  ants  were  found  in  practically 
every  one  of  three  hundred  hills  examined  in  the  various  experimental 
plots,  the  numbers  varying  from  1,657  to  4,163  adults  to  each  lot  of 
fifty  hills,  and  the  ant  larvae  from  850  to  2,500.  Root-lice,  on  the 
other  hand,  varied  from  2 to  241  to  each  lot  of  fifty  hills.  The  totals 
of  these  insects  for  the  three  hundred  hills  are  as  follows : adult  ants, 
16,935 ; ant  larvae,  10,200 ; root-lice,  776. 

The  following  table  summarizes  Mr.  Davis’s  observations  on  the 
condition  of  the  field  September  17. 


Final  Table,  Experiment  No.  2 


Treatment 

No.  of  hills 
examined 

No.  of  stalks 
to  100  hills 

No.  of  ears 

to  100  hills 

Barren  stalks 

to  100  hills 

None  (check)  

200 

149 

140 

9 

Lemon  oil  

100 

130 

131 

2 

Oil  of  citronella 

50 

150 

152 

1 

Turpentine  

100 

141 

133 

8 

Experiment  3. — A field  of  forty  acres,  the  planting  of  which  began 
May  28,  but  was  interrupted  by  rain,  and  recommenced  May  30,  but 
again  interrupted  by  rain.  On  the  6th  of  June,  owing  to  the  wetness 
of  the  weather,  fifteen  acres  of  this  field  still  remained  to  be  planted; 
and  during  the  night  between  the  6th  and  7th  it  rained  again.  This 
remaining  part  of  the  field  was  presently  planted  with  seed  treated 
with  a 10  per  cent  alcoholic  solution  of  oil  of  lemon,  three  ounces  of 
the  mixture  to  the  gallon  of  seed. 

On  the  26th  of  June  ants  were  numerous  in  this  field,  but  no  root- 
lice  were  found.  On  the  3d  of  July  thirty  hills  contained  300  adult 
ants,  175  larvae,  and  125  root-lice.  October  observations  showed  no 
difference  between  the  treated  and  the  untreated  parts  of  the  field, 
either  in  condition  or  in  yield. 

Experiment  4. — Field  planted  on  the  11th  of  May  with  seed 
treated  with  carbolic  acid  at  the  rate  of  three  ounces  per  gallon  of  a 
solution  in  water,  containing  2 to  3 per  cent  of  the  acid. 

On  the  15th  of  June  a hundred  hills  infested  with  ants  in  this 
field  were  dug  up,  and  root-lice  were  found  in  only  six  of  them.  Later 
counts  of  the  stand  showed  no  difference  between  the  treated  and  the 
untreated  plots,  and  neither  injury  nor  benefit  had  resulted  from  the 
treatment. 
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Experiment  5. — A farmer’s  experiment  in  which  a field  of  sweet 
corn  was  planted  June  12  and  13  in  alternating  strips  with  untreated 
and  with  treated  seed,  oil  of  lemon  being  used,  a pint  to  a gallon  of 
wood  alcohol,  and  about  three  ounces  of  the  mixture  to  the  gallon 
of  corn. 

June  26  the  corn  was  above  the  ground,  and  on  the  5th  of  July 
a hundred  hills  were  dug  up  and  examined,  with  the  result  that  2,205 
adult  ants,  2,070  larvae  and  pupae,  and  763  root-lice  were  found  in  the 
untreated  part  of  the  field,  while  in  the  treated  part  the  adult  ants 
numbered  1,215,  the  larvae  and  pupae  11,  and  the  root-lice  282.  From 
this  it  appears  that  there  was  some  repellent  effect  in  the  seed-corn 
treatment  in  this  field;  but  the  weights  of  corn  from  an  equal  num- 
ber of  hills  from  treated  and  untreated  plots  showed  no  tangible  dif- 
ference in  the  yield,  the  ears  from  four  rows  of  each  weighing 
between  2,100  and  2,200  pounds. 

The  Spring  Weather  at  Leroy. — No  precise  data  of  rainfall  at 
Leroy  were  obtainable  for  May  and  June,  1907,  but  the  notes  of  the 
field  assistants  are  plain  upon  this  point,  as  shown  by  the  following 
extracts : 

May  2 and  3,  work  in  corn  fields  interrupted  by  rain. 

May  14,  rained  hard,  packing  the  ground. 

May  17,  heavy  rain  here  at  night.  Hard  rains  have  apparently 
held  the  root-lice  back. 

May  22,  ground  packed  by  hard  rains  and  subsequent  baking. 

May  28,  rain  stopped  planting.  “Big,  heavy  rains  seem  to  have 
killed  the  plant-lice.  Have  noticed  reduction,  in  short,  after  each 
heavy  rain.” 

May  30,  cold  and  rains  have  reduced  numbers  of  root-lice. 

May  31,  rain  preceding  night  interrupted  corn  planting. 

June  5,  rain  interrupted  corn  planting. 

June  6,  recent  rains  have  made  fields  too  wet  to  plant. 

June  7,  rained  last  night. 

June  9,  wet  weather  doubtless  the  cause  of  poor  condition  of 
corn. 

June  10,  big  storm. 

June  22,  observations  stopped  by  rain. 

June  26,  corn  in  low  ground  apparently  killed  by  water. 

June  27,  field  too  wet  to  cultivate. 

July  9,  corn  on  untilled  field  very  poor  because  of  wet  weather. 

The  fields  under  observation  and  experiment  were  planted  May 
9,  10,  11,  13,  and  14;  May  22,  23,  28,  and  30;  and  June  11,  14,  18, 
and  19. 
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Why  heavy  damage  should  have  been  done  to  seed-corn  at  Nor- 
mal because  of  rains,  while  rainy  weather  did  no  such  harm  at  Leroy 
or  Chenoa,  it  is  impossible  now  to  determine  for  the  lack  of  more 
specific  information  concerning  the  situation  at  those  places. 

Laboratory  Experiments  with  the  Effects  of  Repellents 

on  Ants 

The  substances  used  in  1907  and  1908  in  field  experiments  against 
the  corn-field  ant  had  proved  unsatisfactory,  partly  by  reason  of  the 
uncertainty  of  their  effect  on  the  insects,  but  largely  also  because  of 
the  injury  to  seed-corn  in  wet  weather.  In  the  case  of  the  oil  of 
lemon  an  additional  difficulty  was  an  insufficient  supply  of  the  oil 
and  the  consequent  certainty  that  the  price  would  be  put  up  to  a 
prohibitive  figure  if  there  wTas  anything  like  a general  demand  for  it 
at  planting  time.  A considerable  series  of  experiments  on  ants  was 
consequently  undertaken  in  the  beginning  of  1909  with  a large 
variety  of  possibly  available  repellents,  with  a view  to  a selection  of 
those  most  efficient  and  most  readily  obtainable,  for  further  use  in 
the  field.  As  it  was  desirable  that  the  repellent  effect  should  be^got 
without  the  substance  chosen  actually  touching  the  seed,  the  fluids 
were  mixed  with  sand  or  other  similar  substance  of  a kind  to  be 
applied  in  the  field  by  means  of  a fertilizer-dropper  attached  to  the 
planter  and  dropping  a powdered  fertilizer  beside  or  over  the  hill. 

All  the  experiments  reported  in  this  section  were  made  by  Mr. 
Maurice  C.  Tanquary,  a temporary  assistant  of  the  office,  also,  at  the 
time,  a graduate  student  in  the  University  of  Illinois.  His  work 
began  January  13,  1909,  and  was  carried  on  at  irregular  intervals 
until  the  30th  of  the  following  June.  In  all  of  them,  established 
colonies  of  ants  were  used,  each  consisting  of  worker  ants  and  larvae, 
and  sometimes  containing  also  a queen.  As  many  previous  experi- 
ments with  the  corn-field  ant  had  shown  that  it  has  a strong  prefer- 
ence for  orange  light,  in  which,  altho  its  movements  can  be  plainly 
seen  by  us,  it  seems  to  act  as  if  it  were  itself  in  the  dark,  and  as  the 
worker  ants  are  extremely  devoted  to  the  care  of  the  larvae  of  their 
species,  an  apparatus  was  arranged  which  should  take  advantage  of 
these  two  facts  to  afford  a place  of  comfortable  and  attractive  resort 
such  that  the  repellent  effect  of  the  substances  tested  might  be  shown 
by  driving  the  ants  from  these  comfortable  quarters  into  others  less 
desirable.  It  was  thought  especially  that,  if  they  were  forced  to 
desert  their  larvae,  the  distance  to  which  they  were  driven  by  the 
repellents  and  the  length  of  time  elapsing  before  they  returned  to  the 
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care  of  their  helpless  charges,  would  enable  us  to  compare  the  various 
substances  tested  in  respect  to  the  intensity  and  persistence  of  their 
repellent  effects. 

The  apparatus  used  (which  we  may  call  the  cage , Fig.  1)  was 
essentially  a shallow,  water-tight  glass  tray,  or  basin,  made  by  build- 
ing a wall  half  an  inch  high,  with  putty  covered  by  strips  of  glass, 
around  the  edge  of  a pane  of  glass  16  X 12  inches,  inside  which  another 
pane  of  glass,  8 X 12  inches,  was  supported  at  the  corners  by  pieces 
of  glass  stuck  on  with  balsam.  This  latter  plate  we  will  call  the  base 
of  the  nest  ( b ).  Its  top  was  a trifle  below  the  upper  edge  of  the  walls  of 
the  tray,  so  that  water  poured  into  the  latter  until  it  reached  the 
under-surface  of  the  plate  would  surround  it  as  by  a moat,  which 
prevented  the  escape  of  the  ants  placed  upon  it.  Under  the  center  of 


the  transparent  bottom  of  the  cage  was  placed  a sheet  of  plain  white 
paper  with  concentric  circles  drawn  upon  it,  the  smallest  a quarter 
of  an  inch  in  diameter,  and  the  succeeding  circles  separated  from 
each  other  by  an  eighth  of  an  inch.  By  the  aid  of  these  circles  one 
could  tell  at  a glance  the  exact  distance  from  the  center  to  which  any 
ant  had  withdrawn.  Upon  the  center  of  the  base  was  placed  the 
repellent,  and  over  this  a piece  of  orange  glass,  or  cover,  supported 
at  its  corners  by  bits  of  cork  just  thick  enough  to  allow  the  ants  to 
pass  under  the  cover  conveniently.  The  space  between  the  cover  and 
the  base  is  the  nest  ( c ).  The  orange  covers  differed  in  size  from  2 X 2 y 
inches  to  2y  X 3,  the  latter  being  the  size  used  in  the  following  experi- 
ments unless  other  dimensions  are  given  in  the  descriptions.  In  some 
of  the  cages  used  a circle  three  inches  in  diameter  was  cut  out  of  the 
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center  of  the  base,  and  this  was  filled  with  cement  in  a way  to  make 
a disk  which,  being  in  contact  with  the  water  beneath,  was  always 
moist.  In  these  cages  the  orange  cover  was  a circle  of  glass  3}4 
inches  in  diameter. 

The  fluid  repellents  were  commonly  applied  by  saturating  fine 
sand  with  them  and  depositing  this  in  a small  pile  at  the  center  of  the 
nest.  This  was  always  done  after  the  ant  colony  with  its  larvae  in 
charge  had  established  itself  beneath  the  orange  cover. 

The  object  of  these  experiments  being  merely  to  test  the  sub- 
stances in  a comparative  way,  the  conditions  were  in  all  cases  made 
as  nearly  identical  as  practicable,  especially  with  respect  to  heat  and 
light.  It  is  nevertheless  evident  that  they  are  subject  to  the  disadvan- 
tage that  colonies  of  ants  of  the  same  species  are  not  necessarily  equal 
and  similar  in  their  reactions,  and  that  the  same  colony  may  not  al- 
ways react  in  the  same  way  to  the  same  treatment.  One  of  the  most 
interesting  of  Mr.  Tanquary’s  observations  shows  that  the  aspect  of 
the  reaction  may  be  considerably  changed  by  the  exceptional  sensibil- 
ity or  activity  of  only  a very  few  of  the  individual  ants  of  a family 
group — only  three  or  four,  perhaps,  out  of  as  many  hundred  rising  to 
the  occasion  and  rescuing  the  young  from  dangerous  or  offensive  situ- 
ations. 

I have  found  no  way  of  tabulating  or  otherwise  condensing  the 
descriptions  of  Mr.  Tanquary’s  notes,  and  can  only  give  the  main  re- 
sults of  the  tests  in  very  general  terms,  referring  the  reader  for  fur- 
ther information  to  the  details  of  the  observations.  Generally  speak- 
ing, then,  it  seems  from  these  experiments  that  oil  of  tansy,  oil  of 
lemon,  anise  oil,  tincture  of  asafetida,  apterite,  and  vermicide  are  very 
strongly  repellent  to  the  corn-field  ant ; that  kerosene,  camphor,  and 
coal-tar  are  strong  repellents,  and  that  the  other  substances  tested  are, 
if  repellent  at  all,  too  slightly  so,  or  for  too  short  a time,  to  make  them 
promising  materials  for  any  practical  use. 

Experiment  5768x,  Check. — January  13,  10:25  a.  m.,  as  a check 
upon  the  other  experiments,  a little  sand  moistened  with  water  was  put 
under  an  orange  cover  which  had  been  removed  for  this  purpose  to  a 
fresh  part  of  the  base  at  the  close  of  an  experiment  with  oil  of  lemon. 
The  ants  immediately  began  to  assemble  under  the  cover,  carrying 
their  larvae  with  them ; but  twenty-seven  of  the  latter  were  thrown  by 
their  nurses  into  the  water,  probably  because  they  still  smelled  of  the 
lemon  oil.  Other  ants  began  at  once  to  carry  out  the  sand  grains  and 


1 The  numbers  here  used  are  those  of  the  “experiment  record”  of  the  office, 
a book  in  which  all  experiments  are  permanently  recorded. 
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scatter  them  about  outside  the  nest.  The  ants  were  not  repelled  by  the 
moist  sand,  but  seemed  to  dislike  its  physical  properties.  By  11:30 
almost  every  particle  of  the  sand  had  been  removed,  and  the  ants  had 
placed  a few  larvae  on  the  square  of  tin  on  which  the  sand  rested.  By 
1:30  p.  m.,'  all  the  sand  removed,  some  of  it  being  carried  out  and 
thrown  into  the  water.  One  of  the  three  bunches  of  larvae  under  the 
orange  cover  was  now  on  the  tin.  Time,  3 hours  and  5 minutes. 

Experiment  5762,  Kerosene. — January  13,  1 : 50  p.  m.  A small 
amount  of  sand  moistened  with  kerosene  was  placed  under  the  center 


Fig.  2 


of  the  orange  cover.  The  ants  nearest  at  once  faced  towards  it,  waved 
their  antennae  about,  and  then  ran  around  in  confusion.  A very  few  of 
the  ants  approached  the  sand,  and  even  touched  it,  but  quickly  jerked 
back,  throwing  their  antennae  about  vigorously,  seemingly  in  great  dis- 
tress. Others  circled  completely  around  the  sand  at  a distance  of 
one  or  two  inches.  After  15  minutes  a few  of  the  ants  with  some  of 
their  larvae  were  bunched  under  one  corner  of  the  orange  cover.  In 
55  minutes,  about  a fourth  of  the  ants  were  under  the  edge  of  the 
cover,  another  fourth  were  an  inch  and  a half  outside  the  cover,  with 
the  queen,  while  the  other  half  were  assembled  at  a remote  corner  of 
the  base,  as  shown  in  the  accompanying  sketch  (Fig.  2).  January 
14,  9:45  a.  m.  (19  hours,  5 minutes),  situation  about  as  on  the  previous 
day,  except  that  approximately  half  the  ants  were  under  the  cover, 
none  of  them,  however,  nearer  than  five-eighths  of  an  inch  to  the  re- 
pellent. Most  of  the  ants  under  the  cover  were  in  the  neighborhood 
of  the  queen,  who  was  just  an  inch  from  the  edge  of  the  sand.  The 
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average  distance  of  the  ants  from  the  outside  edge  of  the  sand  was 
one  and  an  eighth  inches,  but  the  nearest  ants  were  in  an  approximate 
circle  around  the  sand  at  a distance  of  five-eighths  of  an  inch.  (Fig  3.) 


Experiment  5771,  Oil  of  Lemon. — January  12,  4:  15  p.  m.  A lit- 
tle sand  moistened  with  oil  of  lemon  was  placed  on  the  base,  and  the 
orange  cover  was  moved  to  bring  its  center  over  the  sand.  Within 
three  minutes  nearly  all  the  ants  were  out  from  under  the  cover,  leav- 
ing nearly  all  their  larvae  behind.  A few  of  the  latter  which  were  so 
far  from  the  sand  that  the  ants  could  get  at  them,  were  brought  to- 
gether near  the  edge  of  the  nest.  Some  of  the  ants  attempted  to  re- 
move the  remaining  larvae,  but  when  they  came  within  an  inch  and  a 
quarter  to  an  inch  and  a half  of  the  sand  they  stopped,  sometimes 
with  spasmodic  jerkings  of  their  antennae,  and  then  turned  back. 

A larger  orange  cover,  4X5  inches,  was  placed  over  the  sand  and 
left  over  night.  7:10  a.  m.  (14  hours,  55  minutes),  no  ants  under  the 
cover,  all  being  gathered  along  the  edge  of  the  base.  The  larvae  were 
still  scattered  about  in  the  nest.  8 a.  m.,  orange  cover  replaced  by  an- 
other, 5X6  inches.  9 a.  m.,  the  ants  would  not  go  under  the  cover 
except  that  an  occasional  one  ran  in  for  a moment  at  the  edge.  A still 
larger  glass,  6X8  inches,  substituted  for  the  preceding.  11:30  a.  m., 
the  ants  were  all  under  one  end  of  the  cover,  as  far  away  as  possible 
from  the  sand,  but  they  had  not  gathered  up  their  scattered  larvae. 
The  position  was  as  shown  by  the  following  sketch  (Fig.  4).  The 
ants  nearest  the  center  of  the  nest  were  constantly  moving  about,  as 
if  dissatisfied,  those  nearer  the  edge  being  quiet.  The  large  cover  was 
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now  removed,  together  with  the  repellent,  and  an  orange  cover  2J4  X 3 
inches  was  put  in  its  place.  On  the  following  day,  January  13,  the 
ants  were  all  assembled  in  the  nest. 


Fig.  4 


Experiment  5773,  Oil  of  Lemon. — April  26,  11 : 12  a.  m.  A small 
amount  of  sand  moistened  with  oil  of  lemon  placed  under  the  cover, 
within  five-eighths  of  an  inch  of  a pile  of  larvae.  The  ants  immediately 
began  to  crowd  away,  about  a sixth  of  the  colony  remaining  under  the 
edge  of  the  cover  an  inch  from  the  sand,  and  the  larvae  being  de- 
serted for  the  time  being.  Four  of  the  workers  soon  began  to  move 
the  larvae  to  the  edge  of  the  nest.  During  32  minutes  but  four  different 
ants  were  seen  carrying  larvae.  After  4 hours  no  ants  remained  under 
the  cover.  They  had  removed  most  of  the  larvae  to  the  edge  of  the 
base,  and  three  of  the  workers  were  engaged  in  carrying  off  the  re- 
mainder. Mr.  Tanquary  remarks  that  very  often  only  a very  small 
number  of  the  workers — half  a dozen  or  so — were  active  in  removing 
the  larvae  from  the  neighborhood  of  the  repellent.  In  5 hours  and  18 
minutes  all  the  larvae  had  been  removed.  In  15  minutes  more  some 
ants  were  resting  under  the  corner  of  the  cover.  April  27,  8:  30  a.  m., 
no  ants  were  under  the  cover.  9:15  (22  hours),  about  twenty  ants 
under  one  corner  of  the  cover.  An  hour  and  5 minutes  later,  about 
two  dozen  ants  were  under  the  cover,  one  and  an  eighth  inches  from 
the  sand.  10 : 25,  the  orange  cover  replaced  with  a larger  one,  5X6 
inches,  and  food  exposed  at  various  points  under  it  for  the  ants.  11 : 25, 
not  more  than  half  the  ants  are  yet  under  the  cover.  11:50,  most  of 
the  ants  are  now  in  the  nest.  3 : 30  p.  m.,  the  large  glass  replaced  by 
one  2y2  X 3 inches.  4 : 45,  about  half  the  ants  are  under  the  glass. 
April  27,  9:  50  a.  m.,  about  two-thirds  are  under  the  cover  with  the 
larvae,  but  the  others  are  out  on  the  edge  of  the  base.  11:05,  same 
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situation  as  above.  11:24,  about  three-fourths  of  the  ants  are  under 
the  cover.  Repellent  is  removed  and  experiment  closed. 

Experiment  5776,  Oil  of  Lemon. — May  1,  11 : 50  a.  m.,  sand  mois- 
tened with  oil  of  lemon  placed  under  the  orange  cover  half  an  inch 
from  the  larvae.  The  ants  scattered  immediately,  most  of  them  leav- 
ing the  nest  entirely,  but  a few  remained  at  its  corners.  The  larvae 
were  completely  deserted.  Five  minutes  later  a few  ants  were  under 
each  of  three  corners,  and  three  or  four  were  beginning  to  move  the 
larvae  to  the  corner  of  the  nest.  Most  of  the  ants  were  out  on  the 
corners  of  the  base,  as  shown  in  Figure  5.,  1 hour  and  20  minutes, 


Fig.  5 


fewer  ants  under  the  cover,  most  of  the  larvae  remaining  in  their  origi- 
nal position.  2 hours  and  35  minutes,  situation  unchanged.  In  3 hours 
and  40  minutes  about  a fourth  of  the  ants  were  under  the  cover,  but 
the  larvae  were  not  yet  gathered  up  (Fig.  6).  Four  hours  and  45 
minutes,  situation  unchanged.  May  3,  9 : 30,  no  ants  under  the  cover, 
but  all  clustered  along  the  edges.  11:30  (23  hours  and  40  minutes), 
same  situation.  3:05  p.  m.  (27  hours  and  15  minutes),,  about  two 
dozen  ants  under  one  corner  of  the  cover.  5 p.  m.,  no  ants  under  the 
cover.  May  4,  9 a.  m.,  11:55  a.  m.,  3 p.  m.,  and  5 : 15  p.  m.,  situation 
unchanged.  The  ants  have  not  gathered  up  the  larvae  which  they  de- 
serted in  the  beginning.  May  5,  7 : 45,  all  the  ants  gathered  around  the 
edge  of  the  base.  8 : 10,  about  a dozen  ants  are  under  a corner  of  the 
cover  nearest  the  larvae.  11:30,  a few  of  the  larvae  have  been  gath- 
ered up  and  transferred  to  a corner  of  the  nest.  4 : 40  p.  m.,  about  two 
dozen  of  the  ants  under  a corner  of  the  orange  cover  with  about  a 
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fourth  of  the  larvae,  which  they  have  gathered  up.  These  larvae  are  an 
inch  and  an  eighth  from  the  sand.  May  6,  9 a.  m.,  nearly  all  of  the 
ants  are  out  on  the  edge  of  the  base.  About  two-thirds  of  the  larvae 
have  been  brought  together  at  a corner  of  the  nest,  and  about  a dozen 
ants  are  with  them.  Occasionally  another  larva  is  brought  over  to  the 
corner.  11 : 30,  situation  unchanged.  2 p.  m.,  a few  more  larvae  have 
been  recovered.  5 : 30,  about  a dozen  ants  in  the  nest  with  larvae,  not 
all  of  which  have  yet  been  recovered.  May  7,  8:  20  a.  m.,  most  of  the 
larvae  that  had  been  moved  to  the  corner  of  the  nest  are  now  out  on 
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the  edge  of  the  base,  and  there  are  no  ants  under  the  cover.  11:30 
a.  m.,  and  5 p.  m.,  situation  unchanged.  May  8,  9 a.  m.,  no  ants  under 
the  cover.  Experiment  closed.  Total  time  nearly  7 days.  [Mr.  Tan- 
quary’s  notes  do  not  show  that  the  ants  were  fed  during  this  experi- 
ment.] 

Experiment  5772 , Emulsion  of  Oil.  of  Lemon. — April  25,  3 : 50 
p.  m.,  small  amount  of  sand  moistened  with  a 5 per  cent  emulsion  of 
oil  of  lemon  was  placed  under  the  cover.  The  ants  gradually  crowded 
away  from  the  sand.  4 p.  m.,  the  ants  were  three-eighths  of  an  inch 
from  the  sand,  and  were  taking  their  larvae  with  them.  4:10,  the  ants 
were  half  an  inch  from  the  sand.  4:45,  the  ants  were  withdrawn  an- 
other eighth  of  an  inch.  5 : 45,  same  distance  from  the  sand,  but  not 
so  many  under  the  cover.  April  26,  9:30  a.  m.  (17  hours  and  40 
minutes),  about  half  the  ants  were  under  the  cover,  half  an  inch  from 
the  repellent.  Larvae  three- fourths  of  an  inch  distant.  10 : 45,  a.  m., 
about  two-thirds  of  the  ants  were  under  the  cover,  the  nearest  a fourth 
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of  an  inch  from  the  repellent.  The  experiment  was  closed  by  the  re- 
moval of  the  sand,  the  odor  of  which  was  scarcely  distinguishable. 

Experiment  5777 , Oil  of  Lemon. — May  27,  2:37  p.  m.  This  ex- 
periment was  made  in  a cage  with  a 3-inch  cement  disk  at  the  center  of 
the  base,  and  a circular  orange  cover  3 34  inches  across.  Sand  mois- 
tened with  oil  of  lemon  was  placed  beneath  the  center  of  the  cover. 
The  ants  were  thrown  immediately  into  great  confusion,  and  about  half 
of  them  at  first  ran  from  under  the  cover,  deserting  for  a time  the 
larvae  nearest  the  sand.  These  were  about  one  and  a fourth  inches  from 
the  repellent.  In  5 minutes  the  ants  on  the  base  were  beginning  to  re- 
turn beneath  the  orange  cover,  some  moving  the  larvae  farther  from 
the  sand  and  recovering  those  at  first  deserted.  After  10  minutes  the 
distance  from  the  sand  to  the  nearest  larva  was  five-eighths  of  an  inch. 
They  were  still  moving  their  larvae  back.  3 : 08,  nearest  larva  now 
six-eighths  of  an  inch.  3 : 40  (63  minutes),  nearest  larva  seven-eighths 
of  an  inch.  Most  of  the  ants  are  out  on  the  base  (Fig.  7,  A).  5 and 


5:30,  situation  unchanged.  May  28,  8 a.  m.  (17  hours,  23  minutes), 
larvae  are  more  scattered,  and  the  inner  edge  of  the  pile  is  about  five- 
eighths  of  an  inch  from  the  sand.  About  three-fourths  of  the  ants 
are  under  the  cover  with  them.  2 and  5 : 30  p.  m.,  nearest  larvae  six- 
eighths  of  an  inch  from  the  repellent.  May  29,  8 a.  m.  (41  hours,  23 
minutes),  nearly  all  the  ants  are  under  the  cover.  The  nearest  are 
three-eighths  of  an  inch  from  the  repellent,  as  shown  by  Figure  7,  B. 
1.1 : 50  a.  m.  and  1 : 30  p.  m.,  situation  unchanged.  5 : 45,  ants  now  all 
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under  the  cover,  but  at  the  same  distance  from  the  repellent  as  before. 
May  31,  8 a.  m.,  and  3 : 30  p.  m.,  situation  unchanged.  6 p.  m.  (4  days 
and  3y$  hours),  ants  same  distance  from  sand,  but  more  dispersed 
(Fig.  7,  C).  June  1,  the  ants  move  about  somewhat  but  maintain  their 
distance  from  the  repellent  all  day  long.  The  same  record  was  made 
for  June  2,  at  8 a.  m.  and  3 p.  m.  (6  days),  when  the  experiment  was 
closed. 

Experiment  5774,  Oil  of  Lemon  and  Bone  Meal. — February  24, 
9:10  a.  m.,  some  bone  meal  soaked  with  oil  of  lemon  was  allowed  to 
dry,  then  moistened  with  water,  and  placed  at  the  center  of  the  nest. 
Most  of  the  ants  escaped  from  under  the  cover,  but  a third  of  them  re- 
mained under  one  corner  with  the  larvae,  which  were  seven-eighths  of 
an  inch  from  the  bone  meal  (Fig.  8).  In  an  hour  and  fifty  miniates 


M- 


Pf, 

/M-'wev  ‘ 


.Larrae 
' '& 


0 


Fig.  8 


the  ants  were  about  five-eighths  of  an  inch  from  the  meal,  and  nearly 
half  of  them  were  under  the  cover.  3 : 50  p.  m.,  about  half  the  ants  are 
under  the  cover,  the  nearest  half  an  inch  from  the  fertilizer.  4:50  ( 7 
hours,  40  minutes),  situation  unchanged.  February  25,  8 a.  m.,  most 
of  the  ants  are  under  the  cover,  the  nearest  about  half  an  inch  from  the 
fertilizer.  9:30  (24  hours,  10  minutes),  ants  withdrawn  to  about 
three-fourths  of  an  inch.  11  a.  m.,  situation  unchanged  except  that 
fewer  of  the  ants  are  outside  on  the  base.  3:15  and  5 p.  m.,  same  ap- 
pearance. 7:15,  ants  were  about  seven-eighths  of  an  inch  from  the  re- 
pellent, and  about  half  were  now  outside  the  nest.  February  26,  8 
a.  m.,  ants  from  half  an  inch  to  five-eighths  of  an  inch  distant  from  the 
repellent  this  morning.  3:30  and  4:50  p.  m.  (2  days,  7 hours,  40 
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minutes),  ants  six-eighths  to  seven-eighths  of  an  inch  distant,  about  a 
third  of  them  outside.  February  27,  8 a.  m.,  about  four-fifths  of  the 
ants  are  under  the  cover  at  a distance  from  the  repellent  of  three- 
eighths  to  four-eighths  of  an  inch.  4:  50  p.  m.  (3  days  and  nearly  8 
hours),  five-sixths  of  the  ants  now  under  the  cover,  the  nearest  three- 
eighths  to  four-eighths  of  an  inch  from  the  repellent.  Experiment 
closed. 

Experiment  5775 , Oil  of  Lemon  with  Wood  Ashes. — February  24, 
11:10  a.  m.,  wood  ashes  soaked  in  oil  of  lemon,  allowed  to  dry,  and 
moistened  with  water,  placed  at  center  of  nest.  Collection  of  larvae  a 
fourth  of  an  inch  from  the  repellent.  Ants  soon  leave  the  immediate 
vicinity,  deserting  the  larvae.  11:30  (20  minutes),  the  nearest  ants  are 
five-eighths  to  six-eighths  of  an  inch  from  the  ashes.  They  have  not 
gathered  up  the  deserted  larvae.  About  two-thirds  of  them  are  under 
the  cover  distributed  as  shown  in  the  accompanying  sketch  (Fig.  9). 


4:  50  p.  m.  (5  hours,  40  minutes),  ants  are  now  about  seven-eighths  of 
an  inch  from  the  ashes,  but  the  deserted  larva^  have  not  been  recovered 
(Fig.  10).  February  25,  8 a.  m.  (20  hours,  50  minutes),  the  ants  are 
about  three-eighths  of  an  inch  from  the  repellent,  deserted  larvae  not 
recovered.  At  9 : 30  the  ants  are  withdrawn  to  about  three-fourths  of 
an  inch.  At  11  a.  m.,  3:15,  and  5 p.  m.  (29  hours,  50  minutes), 
same  appearance.  7 :15  p.  m.  (31  hours  5 minutes),  ants  about  seven- 
eighths  of  an  inch  from  the  repellent,  and  a larger  number  than  before 
are  outside  the  nest.  February  26,  8 a.  m.,  ants  five-eighths  to  six- 
eighths  of  an  inch  distant  from  the  repellent.  3:30  p.  m.,  ants  with- 
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drawn  an  inch  and  an  eighth  from  the  repellent,  more  than  half  of 
them  outside  the  nest.  4:  50  p.  m.,  nearest  ants  an  inch  and  an  eighth 
from  the  repellent,  two-thirds  of  them  outside  the  nest.  February  27, 


Fig.  10 


8 a.  m.  (2  days,  20  hours,  50  minutes),  most  of  the  ants  are  under  the 
orange  cover,  the  nearest  being  four-eighths  to  five-eighths  of  an  inch 
from  the  repellent.  11:50  (3  days,  40  minutes),  ants  distant  from  the 
repellent  three-eighths  to  four-eighths  of  an  inch.  4:  50  p.  m.  (3  days, 
3 hours,  40  minutes),  ants  distant  from  four-  to  five-eighths  of  an  inch. 
Experiment  closed. 

Experiment  5778,  Oil  of  Tansy. — April  17,  8:30  a.  m.,  sand 
moistened  with  oil  of  tansy  was  placed  at  the  center  of  a nest  under 
the  orange  cover  with  a fresh  colony  of  ants.  Within  four  minutes  all 
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the  ants  had  left  the  nest,  deserting  a large  pile  of  larvae  except  for  a 
few  carried  away  as  they  escaped.  8 : 45,  a number  of  the  ants  go  into 
the  nest  and  walk  about  for  awhile,  but  presently  leave  it,  removing 
none  of  the  larvae.  The  position  of  the  larvae  in  the  nest  is  shown  by 
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the  preceding  sketch  (Fig.  11,  A).  9:15,  a few  ants  resting  under 

one  corner  of  the  cover  with  a small  number  of  the  larvae  in  charge 
(Fig.  11,  B).  10:  30  (2  hours),  all  the  ants  but  two  have  left  the  nest, 
deserting  the  larvae.  1.1 : 50,  same  situation.  4 p.  m.  (7  hours,  30 
minutes),  no  ants  under  the  cover.  About  one-third  of  their  larvae 
have  been  carried  out  to  a corner  of  the  base,  but  the  others  remain  in 
the  nest.  April  22,  2 : 45  p.  m.  (5  days,  6 hours,  15  minutes),  the  ants 
have  remained  during  all  this  interval  on  the  corner  of  the  base  with  a 
small  part  of  their  larvae,  and  have  not  gone  near  the  nest.  A few  of 
them  were  apparently  killed  by  the  tansy  oil.  Repellent  removed,  the 
sand  still  smelling  very  strongly  of  the  oil. 

Experiment  5779 , Oil  of  Tansy. — April  22,  2:  28  p.  m.,  sand  satu- 
rated with  oil  of  tansy  placed  at  the  center  of  a nest.  The  ants  scattered 
precipitately,  deserting  the  larvae  and  many  of  them  falling  into  the 
water  around  the  base.  Seventeen  of  the  ants,  some  of  which  in  the 
confusion  rushed  against  the  sand  were  killed  by  the  oil  of  tansy.  The 
others  scattered  over  the  base.  3:10  p.  m.  (42  minutes),  seven  ants 
under  one  corner  of  the  cover.  3 : 45,  4 : 35,  and  5 : 10,  no  ants  under  the 
cover.  April  23,  9 a.  m.  (18  hours,  32  minutes),  no  ants  under  the 
cover.  11:30  a.  m.  (21  hours,  2 minutes),  three  or  four  ants  went 
now  and  then  for  a little  time  into  one  corner  of  the  nest.  3 : 05  p.  m., 
about  two  dozen  of  the  ants  had  gathered  up  most  of  the  larvae  under 
one  corner  of  the  cover  an  inch  and  an  eighth  from  the  repellent.  All 
the  other  ants  were  out  on  the  base.  April  24,  8 and  11.  a.  m.  (2  days, 
8 hours,  32  minutes),  no  ants  were  in  the  nest.  The  larvae  in  the  cor- 
ner of  the  nest  yesterday  were  piled  on  a corner  of  the  base.  The 
repellent  was  removed,  the  odor  still  quite  strong.  The  small  cover 
was  replaced  by  an  orange  glass  4X5  inches,  and  food  was  placed  at 
the  center  of  the  nest.  2:  30  p.  m.,  nearly  all  the  ants  had  gathered  in 
the  nest  with  their  larvae. 

Experiment  5789,  Tansy  Tea. — May  24,  tansy  tea  was  prepared 
by  boiling  an  ounce  of  dry  tansy  leaves  for  fifteen  minutes  in  a quart 
of  water.  The  ants  paid  almost  no  attention  to  sand  moistened  with 
this  infusion,  but  gathered  around  it  as  if  it  were  not  in  the  least  ob- 
jectionable. May  25,  10:  30  a.  m.,  same  situation,  all  the  ants  being  in 
the  nest.  Experiment  closed. 

Experiment  5741,  Tincture  of  Asafetida. — May  4,  1909,  9:25 
a.  m.,  sand  moistened  with  asafetida  was  placed  at  the  center  of  a nest. 
The  ants  within  began  immediately  to  scatter,  most  of  them  going  out 
on  the  base,  but  some  of  them  rushing  back  and  forth  under  the  orange 
cover.  At  9:45  (20  minutes),  a few  were  still  running  about  in  the 
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nest,  but  eight  were  lying  on  their  backs  near  the  repellent,  apparently 
overcome  by  the  odor.  At  10:05  (40  minutes),  practically  all  the  ants 
were  out  on  the  base,  some  of  those  that  were  overcome  struggling 
about,  unable  to  escape.  11a.  m.,  eleven  ants  were  apparently  dead 
in  the  nest.  At  11:  55,  fourteen  dead  ants  were  seen  under  the  cover. 
By  3:15  several  of  those  overcome  had  either  recovered  or  had  been 
carried  out.  At  5:15  (7  hours,  50  minutes),  no  ants  were  in  the  nest. 
The  same  entry  was  made  at  intervals  from  May  5 at  9 a.  m.  to  May  8, 
no  ants  having  entered  the  nest  at  any  time  during  this  interval  of 
four  days  from  the  beginning  of  the  experiment. 

Experiment  5744 , Anise  Oil. — June  30,  1909,  10:  50  a.  m.  In  this 
experiment  a large  nest  with  a cement  bottom  was  used  with  a cover 
3^4  inches  across.  Sand  moistened  with  anise  oil  was  placed  at  the 
center  of  the  nest.  The  ants  scattered  immediately,  deserting  their 
larvae,  which  were  in  two  piles  two-eighths  and  six-eighths  of  an  inch, 
respectively,  from  the  repellent.  At  11  o’clock  five  ants  were  under 
the  glass  about  the  pile  of  larvae  which  was  farthest  from  the  sand, 
and  others  were  occasionally  running  about  under  the  cover.  At  11:30 
the  larvae  most  distant  from  the  sand  had  been  moved  out  on  the  base, 
and  no  ants  were  now  under  the  cover.  At  5 p.  m.  (6  hours,  10 
minutes),  all  the  larvae  had  been  removed  from  the  nest  and  no  ants 
were  under  the  cover.  July  7(1  week)  ; up  to  this  time  no  ants  had 
returned  to  the  nest.  This  was  a weak  colony,  however,  and  the  test 
with  anise  oil  should  have  been  made  again  with  a larger  number  of 
ants. 

Experiment  5748,  Gum  Camphor. — January  29,  11  a.  m.,  gum 
camphor,  cut  up  into  fine  particles  and  moistened  with  water,  was 
placed  at  the  center  of  a nest.  The  ants  scattered  immediately,  many 
of  them  running  about  over  the  base  but  most  of  them  hovering  over 
the  larvae  about  three-fourths  of  an  inch  within  the  nest.  At  11:15  a 
few  ants  were  under  the  corners  of  the  cover  nearest  the  larvae.  At 
11 : 50  most  of  the  ants  had  gone  outside  the  nest,  clustering  around 
the  larvae,  but  a few  were  under  one  corner  of  the  cover,  and  two 
small  companies  were  farther  out  on  the  base.  At  1 : 50  p.  m.  (2  hours, 
50  minutes),  about  one-fourth  to  one-fifth  of  the  ants  were  under  the 
cover,  the  nearest  seven-eighths  of  an  inch  from  the  repellent.  The 
ants  were  in  two  companies,  one  near  the  nest  and  the  other  at  a cor- 
ner of  the  base  (Fig.  12,  A)  ; and  at  5:30  (6  hours,  30  minutes)  the 
situation  was  unchanged.  On  the  following  day,  January  30,  at  10 : 45 
a.  m.  (23  hours,  45  minutes),  about  half  the  ants  were  gathered  along 
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one  edge  of  the  cover  (Fig.  12,  B)  and  the  others  were  in  two  com- 
panies on  the  base. 


Fig.  12 


Experiment  5753,  Gum  Camphor  in  Solution. — April  20,  at  10:  35, 
sand  soaked  with  a saturated  watery  solution  of  gum  camphor  was 


A 

Fig.  13 


Ants  and  Larvae 


B 


placed  at  the  center  of  a nest.  The  ants  immediately  left  the  vicinity, 
some  remaining  under  the  edge  of  the  cover  and  the  remainder  escap- 


440 


Bulletin  No.  178 


[January, 


ing  from  the  nest.  The  larvae,  which  were  four-eighths  of  an  inch 
from  the  sand,  were  deserted  (Fig.  13,  A).  At  11  o’clock  about 
one-third  of  the  ants  were  in  the  nest,  as  shown  in  the  figure,  the  near- 
est of  them  five-eighths  of  an  inch  from  the  repellent.  At  11 : 15  a.  m., 
1 : 30  and  2:25  p.  m. — 3 hours,  50  minutes — the  nest  presented  practi- 
cally the  same  appearance.  At  3 : 45  (5  hours,  10  minutes),  nearly  all 
of  the  ants  had  left  the  nest  and  a few  of  the  larvae  had  been  carried 
to  its  outer  edge  (Fig.  13,  B).  At  4:  45  and  at  5 : 50 — 7 hours,  15  min- 
utes— about  a dozen  ants  were  still  in  the  nest.  April  21,  at  9:30 
a.  m.,  no  ants  were  in  the  nest,  the  larvae  having  all  been  carried  out- 
side. At  11:30  (24  hours,  55  minutes),  several  ants  had  moved  under 
the  cover  as  shown  in  the  sketch.  At  3:30  and  5 p.  m.  the  situation 
was  unchanged.  By  8:  20  a.  m.  April  22  (45  hours,  45  minutes),  about 
three-fourths  of  the  ants  were  in  the  nest,  filling  it  half  way;  at  11 
a.  m.  (48  hours,  25  minutes)  the  situation  was  unchanged,  and  the 
experiment  was  closed. 

Experiment  5758,  Formic  Acid. — January  14,  at  10:  30,  a small  lot 
of  sand  mixed  with  formic  acid  was  placed  on  the  base,  and  the  orange 
cover  was  moved  over  it  to  form  a nest  with  the  repellent  at  its  center. 
The  ants  presently  began  to  move  into  the  nest,  but  were  immediately 
affected  by  the  odor  of  the  acid.  Only  two  approached  the  sand  near 
enough  to  touch  it,  and  these  jerked  quickly  back,  vigorously  rubbing 
their  antennae,  which  had  been  brought  in  contact  with  the  acid.  At 
10:45  the  queen  of  the  colony  entered  the  nest  and  the  workers  were 
moving  their  larvae,  all  keeping  as  close  to  the  borders  of  the  nest  as 
practicable,  the  innermost  of  the  assembly  being  always  restless  and 
active.  At  11 : 30  and  at  11 : 55  (1  hour,  25  minutes),  the  ants  were 
clustered  at  each  of  the  four  corners  of  the  cover.  At  3:10  p.  m.  (4 
hours,  40  minutes),  nearly  all  the  ants  were  in  the  nest,  a few  nearer 
the  sand  than  before,  the  nearest  within  two-eighths  to  three-eighths 
of  an  inch.  Some  occasionally  crossed  the  clear  space  within  the  cir- 
cle, and  occasionally  one  even  crawled  over  the  sand,  seemingly  un- 
affected by  its  odor.  By  8:10  the  next  morning  the  ants  were  paying 
no  attention  whatever  to  the  sand,  which  was  removed.  It  had  not 
the  slightest  perceptible  odor,  formic  acid  being  highly  volatile. 

The  experiment  was  repeated  at  8:20  a.  m.  of  this  day,  January 
15,  the  ants  immediately  scattering,  about  one-third  of  them  retreat- 
ing to  a corner  of  the  base.  At  8 : 35  the  ants  were  collected  in  two  of 
the  corners  of  the  nest,  the  queen  among  them,  and  under  the  edge  of 
the  cover  farthest  from  the  repellent,  the  nearest  an  inch  and  an 
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eighth  distant.  The  general  appearance  is  illustrated  by  the  follow- 
ing sketch  (Fig.  14).  At  9:  10  and  10:25  fewer  ants  were  under  the 


cover,  and  the  circle  formed  by  them  was  somewhat  larger.  At  1 : 30 
the  distance  between  the  sand  and  the  nearest  ants  was  six-eighths  of 
an  inch,  and  a few  more  had  entered  the  nest.  At  3 p.  m.  (6  hours,  40 
minutes),  about  half  the  ants  were  under  the  cover,  the  nearest  to  the 


repellent  being  three-eighths  to  four-eighths  of  an  inch  away  (Fig. 
15).  Two  ants  were  seen  to  touch  the  sand  with  no  ill  effects.  Ex- 
periment closed. 
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Experiment  5750 , Coal-tar. — March  15,  at  3:50  p m.,  a small 
amount  of  coal-tar  was  placed  at  the  center  of  a nest  under  the  orange 
cover.  The  ants  began  to  leave  the  nest  at  once,  but  only  gradually. 
In  an  hour  and  forty  minutes  all  were  out  of  the  nest  except  about  a 
dozen  which  remained  with  the  larvae,  seven-eighths  of  an  inch  from 
the  tar.  Half  an  hour  later  the  ants  were  carrying  these  larvae  outside. 
By  the  following  morning  at  8 : 30  (16  hours,  40  minutes),  about  fifty 
ants  were  in  one  corner  of  the  nest,  distant  five-eighths  of  an  inch 
from  the  repellent,  and  this  condition  remained  unchanged  thru  this 
day.  Twenty-four  hours  later  about  a fourth  of  the  ants  were  in  the 
nest,  but  during  this  day  they  began  to  withdraw  again,  and  by  8 a.  m. 
of  March  18  all  were  out  of  the  nest  but  two,  which  with  a few  of 
the  larvae  were  one  and  a fourth  inches  from  the  tar,  the  other  larvae 
being  outside  on  the  base.  By  1:30  of  this  day  these  larvae  had  all 
been  removed,  and  there  was  no  further  change  until  8:  30  of  the  19th 
(3  days,  16  hours),  when  the  ants  began  to  return,  about  half  of  them 
being  in  the  nest  a fourth  of  an  inch  or  more  from  the  tar  by  11 : 50  of 
that  day.  Two  days  later,  six  days  from  the  beginning  of  the  experi- 
ment, about  half  the  ants  were  under  the  cover,  together  with  the 
larvae. 

Experiment  5743,  Apterite. — March  5,  at  11:35  a.  m.,  apterite 
moistened  with  water  was  placed  at  the  center  of  a nest.  The  ants 
were  at  first  not  very  strongly  repelled,  but  soon  began  to  carry  their 


Fig.  16 

larvae  towards  the  edge  of  the  nest.  By  3 : 15  all  the  workers  were  out- 
side the  nest  except  four,  which  were  at  one  corner.  Half  of  the 
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others  were  just  outside  on  the  edge  of  the  nest,  and  the  remainder  on 
one  corner  of  the  base.  Most  of  the  larvae  had  been  carried  out,  al- 
tho  a number  between  an  eighth  and  a fourth  of  an  inch  from  the 
tar  had  been  left.  (Fig.  16.)  There  was  no  return  ©f  the  ants  to  this 
nest  up  to  March  11,  6 days  after  the  experiment  was  started.  During 
all  this  period  the  colony  stayed  together  on  a distant  corner  of  the 
base,  so  closely  packed  that  a number  were  crowded  off  into  the  sur- 
rounding water  every  day  and  drowned.  When  the  experiment  closed, 
March  11,  only  about  sixty  ants  were  alive. 

Experiment  5790,  Vaporite. — March  5,  at  11:30,  a bit  of  moist 
vaporite  at  the  center  of  a nest  disturbed  the  ants  but  did  not  repel 
them  violently.  They  were  mostly  outside  the  nest  together  with  their 
larvae  when  this  was  established,  and  by  3:15  only  half  a dozen  ants 
had  gone  under  the  cover.  The  rest  remained  outside  until  10 : 45  the 
following  day,  when  about  twenty  were  seen  at  one  corner  of  the  nest 
two  and  a quarter  inches  from  the  repellent.  By  4:15  of  that  after- 
noon (28  hours,  45  minutes),  there  were  about  fifty  ants  in  the  nest, 
the  nearest  one  and  a half  inches  from  the  vaporite,  but  all  the  larvae 
were  still  outside  on  the  base.  The  ants  now  gradually  returned,  bring- 
ing their  larvae  with  them,  until  at  9 a.  m.  of  March  7 they  were  all 
in  the  nest.  The  repellent  was  not  removed  until  8 : 45,  March  11,  nearly 
six  days  after  the  experiment  was  begun.  At  this  time  the  ants  nearest 
the  vaporite  were  three-eighths  of  an  inch  away. 

Experiment  5791,  Vermicide. — April  14,  at  8:  15  a.  m.,  sand 
soaked  with  vermicide  and  tested  on  a fresh  colony,  which  had  been  in 
the  cage  for  five  days  only  from  the  field,  drove  them  out  in  less  than 
a minute,  many  of  their  larvae  being  left  behind  together  with  five  of 
the  workers  which  had  touched  the  vermicide  and  had  then  died.  In 
fifteen  minutes  the  ants  were  beginning  to  carry  their  larvae  out  from 
under  the  cover,  and  piling  them  along  the  border  of  the  nest,  as 
shown  in  the  following  sketch  (Fig.  17).  By  3 p.  m.  there  was 
nothing  in  the  nest  except  some  deserted  larvae  (Fig.  18),  and  these 
conditions  remained  unchanged  until  two  days  had  elapsed,  when  at 
8 : 50  a.  m.  April  16,  a 4 X 4 cover  was  substituted  for  the  smaller  one. 
The  ants  paid  no  attention  to  this  change,  and  the  next  day  at  8:20 
a.  m.  a still  larger  orange  cover  5X6  inches  was  put  in  place.  This 
brought  certain  of  the  ants  under  its  protection  at  one  corner,  and 
others  moved  under  slowly  until  at  9:  30  about  one-third  of  the  colony 
were  in  the  nest,  the  nearest  two  and  a fourth  inches  from  the  repel- 
lent. This  condition  remained  practically  unchanged  until  11:25  April 
19  (5  days,  3 hours),  when  the  small  orange  cover  with  which  the  ex- 
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periment  began  was  replaced.  The  sand  seemed  to  have  about  as 
much  odor  as  at  first.  The  ants,  however,  began  to  move  under  slowly, 


Fig.  17 


and  at  10 : 30  April  20,  some  three-fourths  of  them  were  in  the  nest 
Experiment  closed. 
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Experiment  5752,  Carbon  Bisulfid. — March  26,  this  material,  ap- 
plied as  usual,  drove  the  ants  immediately  out  of  the  nest,  but  owing  to 
its  volatility  it  soon  lost  its  effect,  and  two  hours  and  twenty  minutes 
later  they  were  practically  all  back,  continuing,  however,  to  avoid  the 
immediate  vicinity  of  the  sand  for  several  days. 
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Experiments  were  made  with  a considerable  number  of  additional 
repellents,  to  which  the  ants  reacted  so  feebly  or  for  so  short  a time 
that  a detail  of  their  behavior  is  unnecessary.  Among  these  were 
pyrethrum  powder,  calcium  carbide,  capsicum,  iron  sulfate,  chlorid  of 
lime,  and  tobacco,  the  last  applied  in  the  form  of  a small  piece  of  to- 
bacco plug  which  had  been  soaked  in  water.  In  the  same  class  of  sub- 
stances which  were  more  or  less  disagreeable  to  the  ants,  but  never- 
theless ineffective  as  repellents,  were  the  following  fertilizers : ground 
limestone,  rock  phosphate,  acid  phosphate,  ground  sheep-manure, 
kainit,  ammonium  sulfate,  dried  blood,  bone  meal,  potassium  sulfate, 
sodium  nitrate,  and  tankage — the  last,  a vile-smelling  material  from 
the  slaughter-house,  so  little  offensive  to  the  ants  that  many  of  them  ap- 
proached and  crawled  over  it  freely,  and  even  placed  their  larvae  in 
contact  with  it.  Later,  they  dealt  with  this  material  as  they  did  in  an- 
other case  with  sand — that  is,  they  carried  it  out  of  the  nest  and  de- 
posited it  on  the  glass  outside  or  threw  it  into  the  water  around  their 
cage.  By  1:15  p.  m.  the  nest  had  been  cleared  and  the  ants  were  all 
at  home. 

Additional  Field  Experiments  with  Repellents,  1908 

After  the  failure  of  1907  the  experiments  with  repellents  applied 
to  the  seed  were  repeated  in  1908  on  a much  larger  scale,  in  the  hope 
of  a more  favorable  season.  The  spring  proved,  however,  to  be  similar 
to  that  of  the  preceding  year,  and  the  results  were  not  materially  dif- 
ferent. 

In  a field  of  twenty-five  acres  near  Galesburg,  the  use  of  which 
for  our  purpose  was  secured  by  contract  with  the  owners,  eight  plots 
each  twenty  corn  rows  wide  and  eighty  rods  in  length  were  planted 
on  the  23d  and  25th  of  May  with  seed  treated  with  pure  kerosene, 
kerosene  emulsion,  scalecide,  oil  of  lemon,  carbolic  acid,  and  formalin, 
two  plots  of  twenty  rows  each  being  planted  at  the  same  time  with  un- 
treated seed  as  checks.  These  materials  were  used  in  the  following 
proportions:  kerosene,  1 oz.  to  4 gallons  of  seed;  scalecide,  oil  of 
lemon,  carbolic  acid,  each  in  10  per  cent  alcoholic  solution  of  which  3 
oz.  were  applied  to  a gallon  of  seed;  kerosene-soap  emulsion  contain- 
ing 10  per  cent  of  kerosene,  also  3 oz.  to  the  gallon;  and  formalin,  6 
oz.  of  a 3 per  cent  solution  to  the  gallon.  The  original  infestation  of 
this  field,  ascertained  by  Mr.  G.  E.  Sanders,  April  22,  was  at  the  rate 
of  forty-three  nests  to  the  mile  of  furrow. 

The  weather  of  the  spring  at  this  place  preceding  the  date  of 
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planting  is  shown  by  the  following  extract  from  the  field  notes  of  Mr. 
Sanders,  the  responsible  assistant  in  charge  of  this  work. 

April  23,  raining  hard. 

April  24,  rained  steadily  almost  all  day. 

April  27,  raining  more  than  half  the  time  since  11  a.  m.  yester- 
day ; now  cold  with  some  snow.  Ground  saturated  before  these  rains. 

May  1,  showers  today. 

May  6,  rainy  on  the  4th  and  5th,  the  soil  now  too  wet  for  plowing. 

May  8,  rained  rather  hard  last  night. 

May  14,  rained  very  hard  late  the  preceding  night,  the  ground 
still  too  wet  to  work. 

May  16,  rained  during  the  night. 

May  25,  hard  rain  during  the  night;  too  wet  to  plow  on  the  fol- 
lowing day. 

May  28,  rained  during  the  night  and  all  the  morning.  Also  rained 
on  nights  of  27th,  28th,  and  29th,  and  rained  very  hard  nights  of  June 
6 and  7. 

June  12,  rained  in  the  afternoon. 

June  15,  rains  have  prevented  work  in  the  fields  since  the  10th. 

It  will  be  noticed  that  the  ground  was  planted  on  two  days  after 
an  interval  of  seven  days  since  the  last-mentioned  rain,  but  that  a hard 
rain  followed  immediately  after  the  planting  was  finished,  and  that 
rain  fell  also  on  the  second,  third,  and  fourth  days  thereafter. 

The  effect  of  the  treatment  of  this  field  was  determined  in  five 
different  ways:  (a)  500  hills  were  examined  in  each  plot  on  each  of 

five  dates  between  June  6 and  July  10,  and  1,000  hills  in  each  plot 
were  examined  June  16,  record  being  made  of  the  number  of  hills  out 
of  each  500  found  infested  bv  ants;  (b)  10  hills  infested  by  ants  were 
dug  up  in  each  plot,  including,  of  course,  the  checks,  on  three  dates 
from  June  17  to  July  5,  and  the  number  of  ants  and  root-lice  found  in 
sach  of  these  hills  was  determined  by  counting;  (c)  the  stalks  and  the 
vacant  hills  in  500  hills  of  each  plot  were  counted  June  17 ; (d)  at 
husking  time,  in  fall,  the  fertile  and  barren  stalks  in  1,000  hills  of  each 
plot,  and  the  ears  borne  by  these  hills,  were  counted,  the  ears  being  dis- 
tinguished as  small,  medium,  and  large;  and  finally  (e)  the  stalks  and 
ears  in  2,000  hills  of  each  plot  were  counted,  and  the  yield  of  ears  for 
each  2,000  hills  was  weighed,  200  hills  being  taken  for  the  purpose 
from  each  of  ten  rows  at  the  center  of  the  20-row  strip. 

As  the  last  test  was  the  most  significant,  its  results  are  first  given 
in  the  following  table. 
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Yield  of  two  thousand  Hills  from  Central  Rows  of  each  Plot 
of  Experimental  Field,  Galesburg,  1908 


Treatment  of  seed 

Number 
of  stalks 

Number 
of  ears 

Weight  of 
corn  in  pounds 

None  (checks)  

3,695 

2,996 

1,560 

Kerosene  

3,590 

2,767 

1,570 

Carbolic  acid  

3,197 

2,506 

1,450 

Scalecide  

3,399 

2,690 

1,310 

Kerosene  emulsion  

3,406 

2,478 

1,260 

Oil  of  lemon 

3,422 

2,587 

1,260 

Formalin  

2,039 

1,931 

1,230 

From  this  it  will  be  seen  that  the  check  plots  and  kerosene  plot 
had  the  highest  yields,  and  that  the  other  experimental  plots,  men- 
tioned in  the  order  of  their  yields,  from  highest  to  lowest,  come  as 
follows : carbolic  acid,  scalecide,  oil  of  lemon,  kerosene  emulsion,  and 
formalin.  Two  thousand  hills  of  the  kerosene  plot  yielded,  indeed, 
ten  pounds  more  than  the  checks,  but  this  difference  is  too  slight  to  be 
taken  into  account.  In  respect  to  the  number  of  stalks  in  each  2,000 
hills,  the  checks  stand  first,  and  the  other  plots  come  in  the  following 
order : kerosene,  oil  of  lemon,  kerosene  emulsion,  scalecide,  carbolic 
acid,  and  formalin.  The  difference  of  105  stalks  between  the  kerosene 
plot  and  the  checks  is  only  3 per  cent,  and  may  probably  be  disre- 
garded; but  the  difference  of  498  stalks  (13.5  per  cent)  between  the 
checks  and  the  carbolic  acid  plot  is  too  large  to  be  ignored,  while  the 
loss  of  1,656  stalks  in  the  formalin  plot  out  of  a possible  3,695  (45  per 
cent)  can  only  be  explained  as  due  to  an  original  injury  to  the  seed — 
a conclusion  confirmed  by  reference  to  an  earlier  examination  of  the 
number  of  stalks  and  missng  hills  in  500  hills  of  each  plot,  made  June 
17.  At  this  time,  while  the  checks  averaged  931  stalks  to  this  number 
of  hills,  the  formalin  plot  contained  but  647,  and  while  there  were  41 
missing  hills  in  the  checks  there  were  150  in  the  plot  planted  with 
formalin.  The  loss  in  the  number  of  ears  (36  per  cent)  due  to  the 
formalin  treatment  and  in  the  total  weight  of  the  corn  (21  per  cent) 
puts  this  conclusion  beyond  a doubt.  The  fact  that  the  loss  in  number 
of  ears  consequent  upon  a treatment  of  the  seed  with  formalin  was 
less  than  the  loss  in  the  number  of  stalks,  and  that  the  loss  in  weight 
of  the  total  yield  was  still  less  than  that  in  the  number  of  ears,  implies 
that  the  formalin  took  the  greatest  effect  upon  the  poorest  kernels 
which  would  have  produced  the  weakest  plants  and  the  largest  number 
of  barren  stalks. 

Something  of  the  same  tendency  is  shown  in  the  results  of  the 
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carbolic  acid  experiment,  where  the  loss  in  number  of  stalks  was  13 
per  cent  and  that  in  weight  of  the  yield  was  only  7 per  cent.  The 
losses  from  the  other  experiments  of  this  series  were  too  small  for 
such  analysis. 

Our  contract  with  the  owner  of  this  field  provided  that  he  should 
be  reimbursed  for  any  net  loss  of  yield  attributable  to  our  experiments, 
and  a comparison  of  the  product  of  the  experimental  plots  with  that 
of  the  checks  showing  a loss  for  the  whole  field  of  60  bushels  and  23 
pounds  of  corn,  a settlement  was  made  with  him  on  this  basis.  A tabu- 
lation and  analysis  of  the  data  from  the  earlier  counts  of  hills,  stalks, 
ants’  nests,  ants,  and  aphids  in  the  different  plots  simply  confirm  the 
conclusion  that  no  benefit  was  obtained  from  the  treatment  of  the 
seed-corn  planted  in  this  field  in  1908.  Parallel  experiments  carried 
on  in  this  field  and  intended  to  test  the  effect  of  deep  cultivation  and 
repeated  harrowing  and  to  show  the  consequences  of  a rotation  from 
corn  to  oats  will  be  described  later  in  connection  with  other  experiments 
of  the  same  character. 

Use  of  Repellents  combined  with  Fertilizers 

The  outcome  of  our  repellent  work  of  1907  and  1908  evidently 
called  for  a change  of  program.  The  amount  of  the  repellent  sub- 
stances which  could  be  held  by  the  hard,  slightly  absorbent  corn  ker- 
nel was  so  small  that  it  was  easily  washed  away  by  flooding  rains  and 
yet  was  sufficient  to  injure  much  of  the  seed,  if  placed  in  contact  with 
it,  whenever  wet  weather  followed  closely  upon  the  planting.  Either 
the  idea  of  protecting  young  corn  for  a time  from  ants  and  root-lice 
by  the  use  in  the  hill  of  substances  offensive  to  the  ants  must  be  given 
up,  or  some  safer  repellents  or  safer  and  more  effective  methods  of 
application  must  be  found.  As  there  is  no  possible  advantage  to  the 
seed  itself  to  be  derived  from  the  application  of  repellents  to  it,  the 
corn  kernels  serving  only  as  carriers  of  the  repellent  substances,  it  was 
plain  that  some  other  carrier  might  be  used  to  which  the  repellents 
might  be  applied  more  freely  and  with  less  danger  of  injury  to  the 
seed-corn  or  the  plant;  and  as  it  was  desirable  that  the  use  of  this 
carrier  should  be  worth  while  in  itself,  a powdered  fertilizer  contain- 
ing ingredients  commonly  needed  on  Illinois  corn  lands  was  selected 
for  the  purpose. 

Experiments  were  begun  along  this  line  in  1910,  by  W.  P.  Flint 
and  G.  E.  Sanders  on  the  farm  near  Galesburg  used  in  the  field  work 
of  1908.  In  traveling  twenty  and  two-thirds  miles  behind  the  plow 
Flint  and  Sanders  counted  in  the  furrow  604  ants’  nests  of  the  corn- 
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field  ant,  equivalent  to  29.3  nests  to  the  mile  or  207  to  the  acre — a case 
of  moderate  infestation  only.  The  substances  selected  for  special  trial 
in  this  field  were  those  which  had  been  found  most  offensive  to  ants 
in  the  laboratory  experiments  of  Dr.  Tanquary,  already  described  in 
this  paper.  Choice  was  finally  made  of  tincture  of  asafetida  and  oil 
of  tansy,  applied  to  bone  meal  to  be  dropped  with  the  corn  by  an  at- 
tachment to  the  corn-planter  known  as  a fertilizer-dropper.  The  bone 
meal  was  used  at  the  rate  of  100  pounds  per  acre,  and  was  treated 
with  the  repellents  as  follows : Where  oil  of  tansy  was  used,  a quarter 
of  a pound  of  the  oil  was  added  to  two  quarts  of  alcohol  and  a quart 
of  water,  the  fluids  being  then  well  stirred  into  the  hundred  pounds 
of  the  bone  meal  so  as  to  mix  the  whole  mass  thoroly.  The  alcohol 
soon  evaporated,  leaving  the  oil  of  tansy  well  distributed  thru  the 
bone  meal.  The  procedure  with  the  tincture  of  asafetida  was  the  same, 
except  that  the  bone  meal  was  treated  with  two  pints  of  this  fluid 
diluted  with  one  and  a half  gallons  of  water. 

Plots  containing  3,520  to  5,060  hills  each — that  is  32  to  46  rows 
wide  and  110  hills  long — were  planted  May  12  with  each  of  these  sub- 
stances, and  similar  plots  were  planted  beside  them,  one  with  corn 
accompanied  by  plain  bone  meal  and  the  other  with  no  addition  to  the 
seed. 

At  husking  time  the  yield  of  1,800  hills  taken  from  the  twenty 
central  rows  of  each  plot  was  separately  weighed,  with  the  result  that 
a considerable  difference  was  shown  in  favor  of  the  plots  which  had 
received  the  repellent  treatment.  The  untreated  plot  yielded  at  the 
rate  of  26.2  bushels;  that  of  the  bone  meal  plot,  26.6  bushels; 
the  bone-meal-asafetida  plot,  31.8  bushels;  and  the  oil  of  tansy  plot, 
37  bushels.  The  gain  was  practically  nothing  for  the  application  of 
plain  bone  meal,  was  5.6  bushels  for  the  use  of  asafetida,  and  10.8 
bushels  for  the  use  of  oil  of  tansy.  The  cost  of  materials  in  these  ex- 
periments was  $1.90  for  the  asafetida  plot,  and  $2.95  for  the  oil  of 
tansy  plot,  the  increase  in  the  yield  of  the  first  being  thus  obtained  at 
34  cents  a bushel,  and  that  of  the  second  at  27  cents.  The  general  re- 
sult of  this  experimental  change  in  the  method  of  applying  repellents 
at  planting  was  the  more  encouraging  because  the  gains  above  reported 
were  made  during  a year  quite  unfavorable  to  corn  owing  to  the  very 
poor  stand  obtained.  Cool  weather  after  planting  delayed  germina- 
tion and  gave  moles,  mice,  gophers,  and  insects  an  unusual  opportunity 
to  devour  the  seed  before  it  had  started  to  grow.  However,  as  it  was 
impossible  to  separate  the  loss  due  in  these  unusual  conditions  from 
that  attributable  to  infestation  by  root-lice,  no  exact  estimate  of  re- 
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duced  cost  per  bushel  of  the  increase  can  be  made  for  an  ordinary  year. 

There  was  nothing  in  the  early  inspections  made  to  indicate  any 
loss  or  injury  of  plants  by  these  applications,  and  this  notwithstanding 
the  fact  that  the  weather  of  the  spring  was  on  the  whole  decidedly 
rainy.  The  checks  were  planted  May  11,  and  the  experimental  plots 
on  the  12th.  From  a complete  meteorological  record  kept  from  April 
16  to  July  2,  by  Mr.  W.  P.  Flint,  who  had  principal  charge  of  these 
experiments  in  the  field,  it  appears  that  the  rainfall  of  the  last  fifteen 
days  of  April  was  an  inch,  and  that  of  May,  4 5/16  inches.  Two  and 
five-sixteenth  inches  of  this  May  rain  fell  during  the  days  of  the 
month  preceding  the  planting  of  the  corn  1^4  inches  on  the  first,  1/16 
of  an  inch  on  the  second,  5/8  of  an  inch  on  the  seventh,  and  1/8  on 
the  tenth.  The  first  rains  to  follow  the  plantings  of  May  11  and  12, 
were  1/8  of  an  inch  on  the  fifteenth  and  3/16  of  an  inch  on  the  six- 
teenth. 

The  complete  record  of  rainfall,  in  inches,  for  the  period  referred 
to  is  as  follows : 


April 

16, 

snow,  not  measured. 

May 

16, 

3/16  inch. 

17, 

9-16  inch. 

19, 

1/4  inch. 

22, 

1-16  inch. 

21, 

1/16  inch. 

23, 

unmeasured  snow. 

22, 

1/4  inch. 

24, 

unmeasured  snow. 

23, 

trace. 

26, 

1/4  inch. 

25, 

trace. 

30, 

1/8  inch. 

28, 

11/8  inch. 

May 

1, 

11/2  inch. 

June 

4, 

1/8  inch. 

2, 

1/16  inch. 

8, 

1/4  inch. 

7, 

5/8  inch. 

18, 

1/8  inch. 

10, 

1/8  inch. 

27, 

3/4  inch. 

15, 

1/8  inch. 

The  temperature  of  ten  days  before  the  planting  period  averaged 
78.6  degrees  F.  as  a maximum,  41.3  degrees  as  a minimum,  and  59.95 
degrees  as  the  mean.  Those  for  ten  days  after  the  planting  of  the 
plots  were:  maximum,  83.6;  minimum,  48.2;  and  mean,  65.9.  The 
maximum  reading  of  the  first  period  was  92  degrees,  and  the  minimum 
was  29.  For  the  second  period  the  maximum  was  97  degrees,  and  the 
minimum,  29.  With  a rainfall  of  1.7  inches  for  the  first  of  these  ten- 
day  periods  and  a mean  temperature,  in  the  sun,  of  60  degrees ; and  a 
rainfall  of  .94  of  an  inch  for  the  second  period  and  a mean  sunshine 
temperature  of  66  degrees,  the  weather  of  this  planting-time  may 
properly  be  described  as  cool  and  wet.  The  following  is  a complete 
record  of  temperatures  from  April  16  to  July  2,  as  registered  by  a 
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Taylor  maximum  and  minimum  thermometer,  fastened  to  a stake  in 
the  unshaded  air,  at  three  feet  above  the  ground. 


Temperature  Record,  April  16  to  July  2,  1910 


Date 

Max. 

Min. 

Mean 

Date 

Max.  | 

Min. 

Mean 

April 

May 

16 

74 

41 

57.5 

26 

108 

33 

70.5 

17 

66 

29.5 

45 

27 

105 

52 

78.5 

18 

48 

34 

41 

28 

85 

61 

73 

19 

60 

32 

46 

29 

84 

52 

68 

20 

78 

31 

54.5 

30 

75 

42 

58.5 

21 

82 

45 

63.5 

31 

78 

42 

60 

22 

48 

50 

49 

June 

23 

32 

26 

29 

1 

79 

41 

60 

24 

42 

20 

31 

2 

94 

39 

66.5 

25 

50 

40 

45 

3 

80 

43 

61.5 

26 

50 

44 

47 

4 

84 

60 

72 

27 

96 

49 

72.5 

5 

84 

49 

66.5 

28 

88 

60 

74 

6 

99 

36 

67.5 

29 

92 

50 

71 

7 

94 

52 

73 

30 

85 

48 

66.5 

8 

88 

48 

68 

May 

9 

88 

53 

69 

1 

88 

54 

71 

10 

102 

45 

73.5 

2 

58  ! 

39 

48.5 

11 

113 

46 

79.5 

3 

82 

29 

55.5 

12 

111 

50 

80.5 

4 

81 

29 

55 

13 

93 

64 

78.5 

5 

| 82 

42 

62 

14 

101 

58 

79.5 

6 

! 70 

42 

56 

15 

102 

56 

79 

7 

74 

46 

60 

16 

94 

59 

76.5 

8 

73 

! 44 

56.5 

17 

93 

66 

79.5 

9 

86 

40 

63 

18 

98 

67 

82.5 

. 10 

92 

48 

70 

19 

j 98 

| 62 

80 

11 

68 

38 

53 

20 

98 

63 

80.5 

12 

68 

30 

49 

21 

! 102 

62 

82 

13 

75 

29 

52 

22 

101 

67 

84 

14 

89 

39 

64 

23 

103 

68 

85.5 

15 

77 

51 

64 

24 

99 

1 63 

81 

16 

78 

52 

65 

25 

96 

64 

80 

17 

64 

44 

54 

26 

— 

— 

— 

18 

88 

45 

66.5 

27 

94 

62 

78 

19 

88 

52 

70 

28 

! 97 

58 

77.5 

20 

91 

57 

74 

29 

; 101 

64 

82.5 

21 

97 

58 

77.5 

30 

100 

68 

84 

22 

89 

55 

72 

July 

23 

86 

46 

66 

1 

101 

70 

85.5 

24 

78 

41 

59.5 

2 

86 

69 

77.5 

25 

| 80 

1 43 

61.5 

Additional  records  were  made  at  several  dates  from  May  23  to 
June  8,  of  the  condition  of  these  plots  with  respect  to  amounts  of  in- 
festation by  ants  and  aphids,  with  respect  to  the  number  of  stalks  per 
hundred  hills,  and  the  height  and  thrift  of  the  same  on  the  11th  ot 
July  (two  months  after  planting),  and  with  respect  to  the  number  of 
ears  in  each  plot,  of  the  three  grades  “poor,”  “medium,”  and  “good ;” 
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but  these  records  neither  add  to  nor  subtract  from  the  significance  of 
the  data  of  difference  in  final  yield  already  given,  and  hence  need  not 
be  reported  in  detail. 

The  general  result  of  this  field  experiment  with  repellents  applied 
with  a fertilizer  dropped  in  the  hill  leads  us  to  prefer  this  to  the  direct 
application  of  the  repellent  substance  to  the  seed-corn,  and  encourages 
us  to  believe  that  this  may  sometimes  serve  as  a partial  and  temporary, 
but  highly  profitable  protection  to  the  young  plant.  It  may  be  used  to 
best  advantage  where  corn  is  planted  on  old  corn  ground  which  is 
heavily  infested  by  ants  having  an  abundance  of  root-aphid  eggs  in 
their  possession. 

The  use  of  repellents  for  the  protection  of  young  corn  has  at  best, 
however,  some  very  serious  drawbacks  apart  from  the  cost  of  the  ma- 
terials used.  It  is  necessarily  only  temporary,  since  the  repellent  sub- 
stances applied  must  evaporate  in  order  to  be  repellent,  and  hence  will 
presently  weaken  and  finally  disappear.  It  is  uncertain  in  its  results, 
very  wet  weather  tending  to  wash  away  the  fluids ; and  there  still  re- 
mains the  danger  that  under  certain  weather  conditions  it  may  injure 
the  seed  or  the  young  plant  even  when  applied  with  the  fertilizer  as  a 
carrier,  our  experiments  not  having  been  sufficiently  numerous  and 
varied  to  cover  all  possible  or  probable  variations  in  moisture,  temper- 
ature, and  the  like.  Since  repellents  do  not  kill  or  directly  injure  either 
ants  or  aphids,  they  can  do  little  or  nothing  to  diminish  immediately 
the  actual  infestation  of  the  field.  Furthermore,  they  do  not  wholly 
exclude  these  insects  from  the  corn  fields,  but  only  diminish  for  a time 
the  number  which  find  life  tolerable  among  the  roots  in  the  treated 
plots.  Finally,  our  experiments  with  plots  separated  by  untreated 
strips  or  checks  are  open  to  the  suspicion  that  the  ants  repelled  are 
simply  driven  temporarily  to  these  check  strips,  with  the  result  that 
our  data  of  difference  of  treatment  between  check  and  experimental 
plots  may  be  exaggerated.  It  is  possible  that  if  an  entire  field  were 
treated,  the  ants,  having  no  untreated  cover  in  which  to  take  refuge, 
would  remain  in  the  treated  hills  in  larger  numbers  than  they  did  un- 
der our  experimental  conditions.  Some  method  which  will  actually 
destroy  the  aphids  or  ants,  or  both,  in  a heavily  infested  field,  is  there- 
fore much  to  be  desired,  and  if  this  method  is  simply  a variation  or 
modification  of  ordinary  agricultural  practice,  requiring  no  special  ap- 
paratus or  materials,  it  will  have  great  and  obvious  advantages. 

Rotation  and  Cultivation  Methods 
Two  such  methods  have  been  especially  advised:  one,  a quick 
rotation  of  crops  such  that  no  field  will  be  in  corn  more  than  one  or 
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two  years  without  a change  to  some  crop  on  which  the  root-lice  can 
not  live;  and  the  other,  a deep  plowing  and  repeated  deep  stirring  of 
infested  corn-fields  before  they  are  planted  to  the  next  year’s  crop,  so 
timed  and  managed  as  to  break  up  the  nests  of  the  ants  and  to  scatter 
their  contents — their  delicate  eggs  and  larvae,  and  the  eggs  and  young 
of  the  root-lice — so  thoroly  that  these  will  be  lost  to  their  attendant 
nurses  and  protectors  and  will  perish  for  lack  of  care  and  food. 

Several  attempts  were  made  by  us,  additional  to  those  already 
published,  to  test  the  effect  and  value  of  this  deep  cultivation  method, 
and  we  had  one  excellent  opportunity  to  observe  accurately  the  effect 
of  a change  of  crop. 

Cultivation  Experiments  at  Bloomington 

In  July,  1909,  a field  of  five  acres  near  Bloomington,  111.,  already 
in  corn  and  heavily  infested  with  ants  and  root-lice,  was  rented  for  our 
use  and  was  plowed  for  replanting  July  9,  10,  and  12.  It  was  my  pur- 
pose in  the  main  experiment  to  test  the  effect  on  the  ants  and  aphids 
of  certain  variations  in  the  preparation  of  the  ground  for  corn.  The 
principal  part  of  the  field  rented  was  divided  into  five  plots,  each  five 
rods  wide  by  twenty  rods  long,  and  each  plot  was  separately  plowed, 
with  an  unplowed  strip  from  three  to  five  feet  left  between  it  and  the 
plot  next  to  it.  Our  object  in  leaving  these  unplowed  strips  was  to 
provide  an  undisturbed  place  of  retreat  for  the  ants  which  would  en- 
able the  observers  to  detect  and  trace  the  escape  of  the  colonies  if  our 
operations  had  the  effect  to  drive  them  out  of  the  experimental  plots. 

The  plow  was  followed  in  each  of  these  plots,  with  the  result  that 
113  ants’  nests  were  seen  in  500  rods  of  furrow.  This  is  at  the  rate  of 
72  1/3  nests  to  the  mile  of  furrow  fourteen  inches  wide,  a number 
equivalent  to  512  nests  to  the  acre. 

Owing  to  the  fact  that  the  field  was  already  in  young  corn,  these 
data  of  infestation  obtained  by  counting  the  nests  broken  into  and 
turned  out  when  the  ground  was  plowed  in  July  are  hardly  compar- 
able with  those  obtained  during  the  first  spring  plowing  of  other  fields. 
In  spring  the  ants  are  concentrated  in  their  hibernating  colonies,  but 
these  family  groups  become  considerably  subdivided  among  the  com 
hills  after  the  corn  has  begun  to  grow. 

All  the  experimental  plots,  Nos.  2-5,  were  plowed  as  nearly  as 
possible  to  a depth  of  six  inches.  The  check  plot,  No.  1,  was  plowed  to 
a depth  of  four  inches,  then  harrowed  twice  with  a toothed  harrow 
working  about  two  and  a half  inches  deep,  and  planted  on  the  22d  of 
July.  Plot  No.  2 was  disked  three  times — July  13,  16,  and  19 — with  a 
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20-inch  disk  working  to  a depth  of  five  or  six  inches,  was  harrowed 
once  July  20,  the  teeth  of  the  harrow  penetrating  the  very  loose  soil 
to  a depth  of  about  four  inches,  and  was  planted  July  22.  Plot  3 
had  the  same  treatment  except  that  a 16-inch  disk  was  used,  working 
to  a depth  of  not  more  than  three  or  four  inches,  and  it  was  then  har- 
rowed to  a depth  of  three  inches  only.  Plot  4 was  treated  precisely 
like  Plot  2 except  that  it  was  harrowed  a second  time  with  a toothed 
harrow  after  three  diskings  with  the  20-inch  disk.  Plot  5 was  also 
treated  like  Plot  2 except  that  the  three  diskings  were  doubled,  the  disk 
lapping  over  half  its  width  upon  the  ground  disked  the  preceding 
round.  It  was  thus  not  only  stirred  more  thoroly  than  the  other 
plots,  but  more  deeply  also,  since  the  overlapping  half  of  the  disk  cut 
to  a depth  of  six  or  seven  inches. 

These  various  treatments  enabled  us  to  analyze  the  effects  of  a 
preparation  of  the  soil  which  included  disking  three  times  in  compari- 
son with  those  of  another  preparation  like  it  except  that  these  three 
diskings  were  omitted;  the  comparative  effects  of  three  double  disk- 
ings and  three  single  diskings;  and  the  effects  of  three  stirrings  of  the 
soil  with  a 16-inch  disk  as  compared  with  those  of  a 20-inch  disk.  We 
were  also  able  to  compare  the  effects  upon  the  ants’  nests  in  the  field 
of  plowing  to  a depth  of  four  inches  and  of  six  inches  respectively. 

In  Plot  1,  plowed  four  inches  deep,  52  nests  were  examined  of 
which  only  8 were  completely  turned  out  by  the  plow,  the  44  others 
being  only  partly  turned  out  or  merely  uncovered,  while  in  the  four 
other  plots,  plowed  to  a depth  of  six  inches,  376  nests  were  found,  of 
which  321  were  completely  turned  out,  55  being  partly  thrown  out  or 
merely  uncovered.  Stated  in  percentages,  15  per  cent  of  the  ants’ 
nests  were  wholly  thrown  out  at  four  inches,  and  85  per  cent  at  six 
inches. 

In  a similar  comparison  made  in  the  fall  of  this  same  year  in  the 
Galesburg  field  on  a larger  scale,  still  more  positive  evidence  was  ob- 
tained that  the  four-inch  plowing  in  fall  does  not  effectively  reach  the 
nests  of  the  corn-field  ant.  Two  hundred  nests  were  especially  ob- 
served in  ground  plowed  to  a depth  of  four  inches,  and  300  in  ground 
plowed  six  inches  deep,  and  it  was  found  that  only  half  of  1 per  cent 
of  the  nests  were  wholly  overturned  by  the  four-inch  plowing,  99*4 
per  cent  being  partly  overturned  or  merely  uncovered,  while  in  the  six- 
inch  plowing  58  per  cent  were  overturned  completely  and  42  per  cent 
were  partly  so.  To  break  up  and  scatter  the  nests  of  the  ants  the 
ground  should  be  plowed  at  least  six  inches  deep,  and  seven  inches 
would  be  safer. 
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This  plowing  was  done  in  November,  however,  after  there  had 
been  several  hard  frosts,  which  have  the  effect  to  drive  the  ants  deeper 
into  the  ground  to  escape  the  cold. 

No  accurate  weather  record  was  kept  at  the  Bloomington  experi- 
mental field,  but  the  observers’  notes  show  that  three  “rains”  (one  very 
heavy)  and  seven  “showers”  (four  of  them  “slight”  or  “ very  slight”) 
fell  during  the  forty-nine  days  from  July  5 to  August  22.  The  longest 
interval  without  rain  was  from  July  30,  when  there  was  a “shower,” 
to  August  10,  when  there  was  a “slight  shower.”  The  “rains”  fell  on 
July  5 and  26,  and  August  13. 

As  this  field  was  plowed  for  us  too  late  to  mature  a crop,  the  ef- 
fects of  the  several  treatments  could  be  learned  only  by  an  inspection 
of  the  growing  corn.  The  principal  observations  were  made  by  dig- 
ging up  ninety  hills  (practically  one  complete  row)  in  each  plot  on 
seven  different  dates  from  July  28  to  August  18 — making  a total  of 
3,150  hills  examined — and  noting  for  each  the  number  of  hills  in- 
fested by  ants  and  by  aphids  respectively,  and  the  total  number  of 
ants  and  aphids  in  the  infested  hills. 

Bloomington  Experiment..  1909.  Infestation  of  Plots  1-5,  6 Days 
after  Planting.  90  Hills  from  each  Plot 


No.  of  plot 

Hills  infested 
by  ants 

Ants  in  in- 
fested hills 

Hills  infested 
by  aphids 

Aphids  in  in- 
fested hills 

1 

51 

2,200 

29 

775 

2 

29 

1,800 

21 

706 

3 

39 

2,075 

31 

1,086 

4 

13 

375 

12 

337 

5 

16 

365 

14 

256 

Assuming  that  the  check  plot  was  a fair  index  to  the  general  in- 
festation of  the  field,  and  that  the  ninety  hills  dug  in  this  plot  July  28, 
six  days  after  planting,  were  a fair  sample  of  the  2,100  hills  in  the 
whole  plot,  and  making  a like  assumption  concerning  the  ninety  hills 
dug  this  day  in  each  of  the  other  plots,  we  find  that  disking  three 
times  with  a 20-inch  disk  with  intervals  of  three  days  between  the 
successive  disking,  and  harrowing  once  the  next  day  after  the  last 
disking,  had  reduced  the  number  of  hills  infested  by  ants  from  51  out 
of  90  in  the  check  plot  down  to  29  out  of  90  in  Plot  2,  a decrease  of 
43  per  cent;  that  the  total  number  of  ants  in  the  infested  hills  had  been 
diminished  by  18  per  cent ; and  that  the  number  of  hills  infested  by  root- 
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lice  had  been  diminished  by  27  per  cent  and  the  number  of  root-lice 
themselves  by  9 per  cent.  A much  more  marked  difference  was  that 
between  the  check  plot  and  plots  4 and  5.  If  these  two  plots  are  taken 
together  as  one  double  plot,  the  numbers  from  plot  1 also  being  doubled, 
of  course,  for  comparison,  the  treatment  of  three  diskings  of  plots 
4 and  5 with  a 20-inch  disk  and  harrowing  once  or  twice  appears  to 
have  reduced  the  number  of  infested  hills,  as  shown  six'  days  after 
planting,  from  102  to  29  (71  per  cent),  and  the  number  of  ants  from 
4,400  to  740  (83  per  cent)  ; the  number  of  hills  infested  by  root-lice 
from  58  to  26  (86  per  cent),  and  the  number  of  root-lice  from  1,550  to 
593  (61  per  cent).  There  is  no  very  clear  reason  why  Plot  4 should 
have  been  less  heavily  infested  than  Plot  2,  since  4 differed  from  2 
only  by  one  additional  harrowing.  Both  received  the  same  treatment 
otherwise;  but  there  was  an  interval  of  three  days — July  10-13 — be- 
tween the  plowing  of  Plot  2 and  the  first  disking,  while  Plot  4 was 
first  disked  the  next  day,  July  13,  after  the  plowing  was  done.  It 
seems  possible  that  the  shower  of  rain  which  fell  at  1,1  a.  m.  July  12, 
may  have  so  compacted  the  earth  and  disturbed  and  practically  para- 
lyzed the  ants  that  these  insects  were  less  able  to  reach  and  reinhabit 
their  homes;  or  it  may  be  that  the  three  days’  interval  between  the 
first  tearing  up  of  their  quarters  and  the  first  disking  enabled  them  to 
put  their  affairs  substantially  to  rights. 

A more  perplexing  exception  is  presented  by  Plot  3,  which,  it  will 
be  remembered,  differs  from  all  the  others  by  the  fact  that  it  was 
disked  with  a 16-inch  disk  which  stirred  the  ground  to  an  average 
depth  of  two  inches  less  than  the  20-inch  disk  used  on  the  other  plots. 
The  toothed  harrow  worked  also  to  an  estimated  depth  of  an  inch  less 
than  in  the  other  plots.  The  effect  of  this  difference  would  be  to  leave 
the  deeper  two  or  three  inches  of  the  ground  turned  up  by  the  plow 
undisturbed  by  the  subsequent  operations.  Possibly  for  this  reason 
but  little  effect  seems  to  have  been  produced  by  the  disk  on  Plot  3, 
which  differed  from  the  check  July  28  by  a reduction  of  only  23^4 
per  cent  in  the  number  of  hills  infested  by  ants  and  of  6 per  cent  in  the 
number  of  ants  in  90  such  hills;  while  in  respect  to  the  aphis  infesta- 
tion the  figures  for  this  plot  were  greater  than  those  for  the  check. 
At  the  next  digging,  three  days  later  (July  31),  it  is  true,  these  latter 
figures  fell  much  below  those  of  the  check — a 35  per  cent  reduction  for 
the  number  of  hills  infested  by  root-lice  and  a 59  per  cent  reduction 
for  the  number  of  root-lice  themselves — and  it  is  possible  that  the  first 
discrepancy  is  simply  one  of  those  “chance”  occurrences  common  in 
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this  kind  of  investigation  with  comparatively  small  numbers  of  vari- 
able data. 

If  we  compare  Plots  2 and  3 for  the  first  digging  only,  with  a 
view  to  a judgment  of  the  relative  efficiency  of  the  20-inch  and  the 
16-inch  diskings  we  shall  find  that  Plot  3 (16-incl^  disk)  shows  an  in- 
crease over  Plot  2 (20-inch  disk)  of  34  per  cent  and  48  per  cent  in  the 
number  of  hills  infested  by  ants  and  by  aphids  respectively,  and  a dif- 
ference of  13  per  cent  and  35  per  cent  in  the  respective  numbers  of 
these  insects  themselves. 

Plots  4 and  5 show  no  difference  to  suggest  any  advantages  in 
double  disking  over  single  disking,  the  percentages  of  increase  and  de- 
crease switching  back  and  forth  from  one  to  the  other  in  a haphazard 
way.  On  the  whole,  there  is  clear  evidence  in  the  general  outcome  of 
this  branch  of  the  Bloomington  field-experiment  that  infestation  by 
ants  and  root-lice  is  decidedly  reduced  by  deep  plowing  and  repeated 
deep  disking  as  a preparation  for  planting  to  corn. 

EFFECTS  OF  TREATMENT  AS  SHOWN  BY  NOCTURNAL 
MOVEMENTS  OF  THE  ANTS 

Another  branch  of  the  work  of  Sanders  and  Flint,  which  was 
done  largely  at  night  by  the  aid  of  dark  lanterns  used  in  watching  the 
movements  of  the  ants,  threw  new  light  on  the  efficiency  of  these 
methods  and  led  to  the  amendment  of  our  experimental  program  for 
the  following  year.  The  freedom  and  activity  with  which  the  corn- 
field ant  moves  about  thru  the  loose  earth  in  a recently  cultivated 
field,  and  the  long  journeys  which  whole  colonies  readily  make  under 
ground  to  escape  from  a disturbed  situation  to  a stable  one,  carrying 
with  them  their  entire  stock  of  root-lice  and  ant  larvae,  led  us  to  see 
that  these  insects  are  as  well  adapted  to  their  subterranean  life  as  are 
their  allies  to  life  on  the  surface  or  in  the  open  air. 

One  of  the  consequences  of  this  power  and  habit  of  free  move- 
ment and  migration  under  ground  was  that  within  a month  (27  days 
exactly)  after  planting,  the  first  three  of  our  narrow  plots,  that  is  the 
check  and  plots  2 and  3,  were  in  virtually  the  same  condition  as  to 
ants  and  aphids.  Plots  4 and  5,  originally  the  most  affected  by  the 
treatment,  alone  showed  any  noteworthy  difference  from  the  check  in 
the  degree  of  infestation.  According  to  counts  made  August  18,  these 
latter  plots,  taken  as  one,  were  shown  still  to  differ  from  the  check  by 
a decrease  of  14  per  cent  and  19  per  cent  in  the  number  of  hills  in- 
fested by  ants  and  aphids  respectively,  and  by  20  per  cent  and  32  per 
cent  in  the  number  of  ants  and  aphids  themselves.  The  corresponding 
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ratios  July  28,  had  been  71  per  cent,  83  per  cent,  56  per  cent,  and  61 
per  cent,  and  it  is  possible  that  even  in  these  plots  the  ant  and  aphis 
population  was,  thru  active  dispersal  under  ground,  rapidly  be- 
coming equalized  with  that  of  the  other  plots.  The  following  year, 
experiments  which  will  be  described  in  another  section  were  made  to 
test  the  utility  of  heavy  rolling  immediately  after  each  disking,  to  make 
subterranean  movement  slower  and  more  difficult  and  the  search  for 
scattered  eggs  and  root-lice  less  successful. 

In  plowing  the  Bloomington  field,  unbroken  strips  three  to  five  feet 
wide  had  been  left  between  the  plots  experimented  with,  but  no  suf- 
ficient strip  was  left  beside  the  second  plot,  and  this  was  consequently 
omitted  from  observation.  The  movements  of  the  ants  across  the  fur- 
row separating  the  experimental  plots  from  the  unbroken  strips  were 
observed  continuously  by  Flint  and  Sanders  in  turn  for  the  whole  of 
every  night  from  July  16  to  August  22  inclusive,  a total  of  38  days. 
The  ants  in  crossing  the  furrows  to  escape  from  the  plowed  and  har- 
rowed plots  followed  fixed  lines.  Each  of  these  was  marked  by  the 
observers  as  soon  as  established,  and  the  number  of  ants  seen  in  mo- 
tion on  it  was  noted  and  recorded  for  every  night,  equal  times  being 
spent  on  the  different  lines.  Migration  lines  were  established  as  fol- 
lows by  the  ants  moving  out  of  the  several  plots:  Plot  1 (check)  24 

lines;  Plot  3,  53  lines;  Plot  4,  58  lines;  Plot  5,  60  lines, — a total  of  195 
lines  observed,  and  an  average  of  57  lines  for  the  experimental  plots  as 
against  24  for  the  check.  These  lines  were  not  all  in  use  at  any  one 
time.  They  seemed  to  be  established  by  separate  colonies,  and  al- 
tho  116  lines  were  in  operation  on  the  first  day  of  the  observation, 
others  were  added  from  time  to  time  as  follows:  11  on  the  second 
night,  14  on  the  third,  8 on  the  fourth,  7 on  the  fifth,  1 on  the  sixth, 
none  on  the  seventh,  3 on  the  eighth,  1.  on  the  ninth,  4 on  the  tenth, 
13  on  the  eleventh,  3 on  the  twelfth,  and  none  on  the  thirteenth,  the 
remaining  lines  coming  two  or  three  at  a time  up  to  the  16th  of 
August,  after  which  no  new  lines  were  started.  Some  of  these  later 
lines  doubtless  illustrate  the  normal  movements  of  ant  colonies  in  a 
corn  field,  but  the  fact  that  over  59  per  cent  of  them  were  started  on 
the  first  night  shows  that  most  of  this  movement  was  caused  by  the 
stirring  of  the  ground  in  the  experimental  plots.  The  number  of  mi- 
gration lines  running  from  the  experimental  plots  averaged,  it  will  be 
noted,  2]/z  times  those  from  the  check,  and  the  difference  in  the  mi- 
gration movements  of  the  ants  becomes  still  more  evident  when  we 
compare  the  numbers  of  ants  seen  by  Flint  and  Sanders  on  these  lines. 
They  amount  to  a total  of  2,860  for  the  check  (Plot  1),  8,973  for  Plot 
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3,  8,069  for  Plot  4,  and  10,096  for  Plot  5 — an  average  of  9,046  for  the 
three  experimental  plots,  which  is  more  than  three  times  the  number 
seen  escaping  from  the  check. 

In  order  to  show  how  much  of  the  foregoing  migrations  ought  to 
be  attributed  to  the  merely  ordinary  underground  movements  of  the 
ants  to  and  fro  when  undisturbed,  a single  furrow  was  plowed  July 
29,  down  the  center  of  each  of  the  five  plots,  its  whole  length,  and  the 
movements  of  the  ants  across  these  furrows  were  observed  nightly 
from  that  date  till  August  24,  a period  of  27  days.  During  this  time 
migration  movements  were  started  across  the  furrow  as  follows : Plot 
1,  22  lines;  Plot  2,  14  lines;  Plot  3,  19  lines;  Plot  4,  16  lines;  Plot  5, 
14  lines, — an  average  of  17  lines  per  plot.  We  ought  evidently  to  sub- 
tract this  number  from  the  experimental  numbers  given  above,  as  an 
allowance  for  the  results  of  the  usual  movements  of  the  ants  under 
ground,  the  residues  remaining  as  the  effect  of  the  stirring  of  the 
soil.  So  corrected  the  numbers  for  the  lines  of  the  experiment  are : 
Plot  1,  7 lines;  Plot  3,  36  lines;  Plot  4,  41  lines;  Plot  5,  43  lines, — an 
average  of  40  lines  for  the  experimental  plots  as  against  7 for  the 
check ; five  and  a half  times  as  much  migration  out  of  the  former  as 
out  of  the  latter.  Indeed,  the  movements  across  the  central  furrows 
of  the  plots  plowed  July  29,  are  the  proper  check  on  the  results  of  a 
disturbance  of  the  soil,  and  so  applied  we  find  the  numbers  of  mi- 
gration lines  last  mentioned  may  be  taken  as  those  due  to  the  treatment 
of  the  several  lots.  The  numbers  of  ants  involved  in  movements  across 
these  five  furrows  averaged  4,383  to  the  plot,  a number  to  be  com- 
pared with  the  average  of  9,046  seen  on  migration  lines  between  the 
experimental  plots  and  the  intermediate  unbroken  strips.  This  com- 
parison indicates  that  more  than  half  the  recorded  active  movements 
of  the  ants  were  due  to  the  treatment  which  the  plots  had  received. 
From  these  various  experiments  and  comparisons  it  is  evident  that 
the  great  majority  of  the  migration  movements  of  the  ants  were  move- 
ments of  escape  from  the  area  in  which  they  were  being  disturbed. 

Effect  of  Disking  and  Subsequent  Rolling 

The  freedom  and  activity  of  the  migration  movements  of  the  ants 
in  the  very  loose  open  soil  of  our  1909  Bloomington  field  led  me  to 
surmise  that  the  so-called  cultivation  method  might  be  improved  upon 
by  using  a heavy  roller  to  compact  the  earth  after  disking,  and  the  ef- 
fects of  this  treatment  were  tested  the  following  year,  1910,  at  Gales- 
burg. Here  a plot  forty-six  rows  wide  and  a hundred  and  ten  rows 
long  was  plowed  May  5 to  a depth  of  six  inches,  disked  three  times, 
harrowed  once,  and  rolled  after  planting,  another  plot  of  the  same 
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size,  planted  at-  the  same  time,  having  been  plowed  as  a check  to  a 
depth  of  four  inches  and  harrowed  once  without  disking.  The  yield 
of  the  latter  was  at  the  rate  of  26.4  bushels  per  acre,  and  of  the  former 
at  the  rate  of  33.15  bushels  per  acre,  a gain  of  6^4  bushels,  or  nearly 
25  per  cent.  The  cost  of  these  three  diskings  and  one  rolling  was  esti- 
mated at  $1.50  per  acre,  making  the  cost  of  the  increased  yield  22 
cents  a bushel.  As  there  was  a poor  stand,  owing  to  the  character 
of  the  spring  weather,  the  cost  of  the  increased  yield  would  have  been 
measurably  less  per  bushel  if  a fair  stand  and  start  had  been  secured 
in  the  beginning. 

In  another  experiment  made  at  this  same  time  and  place  the  com- 
parative values  of  one,  two,  and  three  diskings  were  brought  into  com- 
parison, the  treatment  of  the  plots  used  being  otherwise  identical.  For 
this  purpose  three  plots,  each  a hundred  and  sixty  corn-rows  long  by 
thirty-three  rows  wide,  nearly  an  acre  and  a half  in  area  and  contain- 
ing 5,280  hills,  were  specially  plowed  June  2.  This  ground  had  been 
used  earlier  for  an  experiment  with  fall  plowing  and  disking  as  com- 
pared with  the  same  treatment  in  spring;  and  the  tract  was  now  di- 
vided, to  insure  an  equal  character  and  condition,  into  plots  at  right 
angles  to  the  earlier  ones.  One  of  these,  Plot  9 of  the  year’s  series  in 
the  Galesburg  field,  was  plowed  six  inches  deep  June  2,  disked  three 
times,  June  3,  4,  and  6,  with  a 20-inch  disk  to  a depth  of  five  inches, 
leveled  with  a toothed  harrow  June  6,  rolled  June  7,  lightly  harrowed 
to  a depth  of  two  inches  the  same  day,  planted,  and  finally  rolled  after 
planting.  Plot  10  was  treated  in  like  manner  except  that  it  was  disked 
but  twice,  and  Plot  11  differed  only  in  the  fact  that  it  was  disked  but 
once.  Eighty-five  per  cent  of  the  ants’  nests  in  these  plots  were  com- 
pletely turned  out  by  the  six-inch  plowing  and  the  other  15  per  cent 
were  split  by  the  plow,  a part  of  each  nest  being  left  undisturbed  in 
the  bottom  of  the  furrow.  Fifty  nests  were  marked  in  each  plot  as  it 
was  plowed,  so  that  they  could  be  identified  later  when  the  field  was 
disked. 

At  the  first  disking  45  per  cent  of  these  150  nests,  containing  an 
average  of  21  ants  and  2 larvae  each,  were  found  inhabited,  the  re- 
maining 55  per  cent  of  the  ant  colonies  having  already  disappeared. 
This  observation  indicates  the  effect  of  the  plowing  merely  in  dis- 
persing the  ants  and  breaking  up  their  nests.  Of  the  hundred  marked 
nests  in  plots  9 and  10,  30  per  cent  were  still  inhabited  at  the  second 
disking,  with  an  average  of  12  ants  and  no  larvae  in  each,  70  per  cent 
of  the  colonies  being  now  broken  up  by  the  plowing  and  a single  disking. 

The  three  plots  of  this  June  planting  encountered  much  better 
weather  than  those  of  the  regular  planting  in  early  May,  and  the  stand 


Corn  Root-aphis 'and  Control  of  its  Injuries 


461 


1915] 


was  good  while  that  of  the  May  plantings  was  very  poor.  At  husking 
time  the  yield  of  1,800  hills  taken  from  the  twenty  central  rows  of  each 
plot  was  separately  weighed,  with  the  result  that  the  several  plots 
showed  yields  per  acre  as  follows:  Plot  9 (thrice  disked),  59.75 

bushels;  Plot  10  (twice  disked),  60.73  bushels;  Plot  11  (once  disked), 
64.7  bushels.  In  other  words,  the  additional  diskings  beyond  the  first, 
seemed  to  reduce  the  yield  by  6.1  per  cent  for  one  additional  disking, 
and  by  7.7  per  cent  for  two  additional  diskings.  It  would  seem  that 
under  the  circumstances  of  this  experiment,  some  agricultural  disad- 
vantage followed  the  additional  diskings  which  more  than  counter- 
balanced the  advantages  due  to  a repeated  breaking  up  of  the  nests  of 
the  ants.  Unfortunately  no  fair  check  plot  was  made  for  contrast 
with  the  three  plots  used  in  this  experiment.  It  was  assumed  at  the 
time  that  the  checks  of  the  original  May  planting  would  serve  for  this 
planting  also — a supposition  disappointed  by  the  great  difference  in 
the  weather  of  the  two  periods. 

Effect  of  Fall  Plowing  compared  with  that  of 
Spring  Plowing 

For  the  purpose  of  determining  whether  fall  plowing  and  disk- 
ing of  an  infested  field  was  to  be  preferred  to  spring  treatment,  three 
plots,  Nos.  1,  2,  and  3,  in  this  Galesburg  field,  were  plowed  in  the  fall 
of  1909,  No.  3 to  a depth  of  four  inches  only,  and  the  others  six 
inches  deep.  Plot  3,  plowed  October  29  and  30,  received  no  further 
treatment  in  the  fall ; but  it  was  necessary  to  disk  it  once  in  spring  in 
order  to  loosen  up  the  plowed  ground,  and  afterwards  to  harrow  it 
before  planting.  Plot  2 was  plowed  October  29,  and  disked  three  times 
in  succession  in  fall,  and  disked  once  in  spring  and  harrowed  also  as 
an  immediate  preparation  for  the  planting  of  the  corn.  Plot  1 was 
disked  three  times  in  fall,  and  rolled  immediately  after  each  disking, 
and  it  was  also  disked  twice  in  spring.  Plot  6,  a spring-plowed  check 
upon  these  fall-plowed  plots,  was  broken  up  four  inches  deep  May  4, 
and  harrowed  once  before  planting.  All  these  plots  were  planted  on 
the  1.1th  of  May.  Plots  1,  2,  and  3 were  kept  until  the  first  of  June, 
when  the  ground  they  occupied  was  plowed  and  replanted  for  an- 
other experiment,  already  described,  as  plots  9,  10,  and  11. 

In  the  meantime  a row  of  90  hills  of  corn  was  dug  from  the  cen- 
tral part  of  each  of  these  four  plots  on  each  of  five  different  dates. 
May  23,  25,  28,  30,  and  June  1,  amounting  to  450  hills  for  each  plot: 
and  the  usual  counts  were  made  each  time  of  the  number  of  hills  in- 
fested with  ants,  the  total  number  of  ants  and  aphids  respectively. 
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and  the  total  number  of  these  insects  found  in  each  row.  The  follow- 
ing table  gives  the  totals  of  all  these  counts. 


Infestation  of  Plots  Plowed  in  Fall  and  in  Spring 


No.  of 
plot 

Hills  with 
ants  | 

Hills  with  i 
aphids 

Total  No. 
; of  ants 

Total  No. 
of  aphids 

1 

50 

31 

1,125 

348 

Fall  plowing 

2 

55 

31 

1.395 

310 

Fall  plowing 

3 

41 

20 

1.215 

295 

Fall  plowing 

6 

116 

82 

4.150 

1,419 

Spring  plowing 

Plots  3 and  6 differ  only  in  the  fact  that  3 was  fall-plowed  and 
disked  once  in  spring,  while  6 was  spring-plowed  and  not  disked  at  all. 

From  a comparison  of  the  data  of  these  plots  it  appears  that  the 
fall  plowing  and  single  spring-disking  of  3 had  a decided  effect  to 
reduce  the  ant  and  root-louse  infestation,  this  being  only  about  a fourth 
to  a third  as  great  in  Plot  3 as  it  was  in  6.  On  the  other  hand,  a com- 
parison of  the  data  for  plots  1.  2,  and  3 shows  practically  no  increased 
advantage  due  to  the  more  thorogoing  treatment  of  plots  1 and  2 
as  compared  with  3. 

Rotation  of  Crops  with  Fall  Plowing 

Advantage  was  taken  by  Mr.  Sanders  at  Galesburg  in  1908  of  the 
fact  that  there  lay  immediately  beside  the  field  used  in  our  experi- 
ments another  field  which  was  to  be  planted  to  corn,  but  which  had 
been  in  oats  in  1907.  For  the  four  years  before  this  it  had  been  in  corn 
continuously,  while  the  experimental  field  had  all  been  in  corn  without 
interruption  since  1904,  and  a part  of  it  since  1903. 

An  experimental  plot  planted  on  this  oats  stubble,  and  treated  like 
our  checks  and  our  other  experiments,  would  thus  give  us  a means  of 
judging  of  the  effect  upon  root-aphis  infestation  of  a change  for  one 
year  from  corn  to  oats.  Such  a comparison  was  complicated  in  this 
case,  however,  by  the  fact  that  the  oats  field  had  been  all  plowed  in 
the  fall  of  1907,  while  the  experimental  field  was  not  plowed  until  the 
spring  of  1908.  What  was  actually  got  by  planting  a plot  in  the  oats 
held  was  consequently  a chance  to  observe  the  apparent  effect  of  rota- 
tion and  fall  plowing  combined. 

This  plot,  like  the  others  beside  it,  was  20  rows  wide  and  200  hills 
long,  thus  containing  4,000  hills.  In  the  fail  of  1907  it  was  merely 
plowed,  to  a depth  not  stated,  and  on  the  19th  of  the  following  May  it 
was  disked  and  harrowed.  The  two  check  plots  in  the  experimental 
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field,  each  likewise  containing  2,000  hills,  were  plowed  in  May  to  a 
depth  of  five  inches,  and,  like  the  stubble  plot,  were  disked  once  and 
harrowed.  Another  experimental  plot  of  the  same  size,  known  as  the 
cultivation  plot,  was  plowed  May  12  to  a depth  of  seven  inches, 
disked  three  times,  on  the  15th,  19th,  and  22d  of  May,  the  disk  work- 
ing the  last  time  to  a depth  of  four  to  four  and  a half  inches,  and  har- 
rowed. All  these  plots  were  planted  on  the  22d  and  23d  of  May.  The 
following  table  gives  Mr.  Sanders’s  data  of  yield  obtained  November 
15,  when  the  crop  from  these  plots  was  harvested. 


Comparative  Yield  of  Corn  in  Check  Plots,  Cultiva- 
tion Plot,  and  after  Oats,  2,000  Hills 
each,  Galesburg,  1908 


Plots 

Stalks 

Ears 

Weight 

Check 

3,712 

2,929 

1,505 

3,679 

3.064 

1,625 

Average 

3,695 

2,996 

1,565 

Cultivation 

3,794 

3,074 

1.720 

Oats 

1 3.905 

3,528 

1,950 

Compared  with  the  average  yield  of  the  checks,  the  plot  in  the 
fall-plowed  oats  stubble  bore  nearly  6 per  cent  more  stalks  than  the 
checks,  18  per  cent  more  ears,  and  25  per  cent  more  corn  by  weight. 
Compared  with  the  cultivation  plot,  the  differences  in  favor  of  the  stub- 
ble plot  were  nearly  3 per  cent  in  the  number  of  stalks,  more  than  11 
per  cent  in  the  number  of  ears,  and  more  than  13  per  cent  in  the 
weight  of  the  crop. 

There  are  several  unknown  elements  capable  of  affecting  this 
comparison,  for  we  know  nothing  of  possible  differences  between  the 
oats  and  corn  fields  in  respect  to  their  fertility  and  other  conditions  due 
to  their  previous  cropping  and  treatment,  and  we  are  also  ignorant  of  the 
possible  influence  of  differences  in  the  weather  at  the  times  when  the 
plowing  was  done  in  fall  and  in  spring.  There  is  additional  evidence, 
however,  that  the  advantage  of  the  stubble  plot  was  due,  at  least  in  part, 
to  the  smaller  number  of  root-lice  harbored  by  it  early  in  the  season. 
Twenty  infested  hills  were  dug  from  each  of  these  plots  and  all  the  ants 
and  aphids  contained  in  them  were  counted  on  the  9th  of  June,  and  again 
on  the  15th  of  that  month,  and  similar  counts  were  made  from  ten  in- 
fested hills  dug  up  in  each  plot  June  23  and  July  5. 
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Total  Counts  of  Ants  and  Aphids,  Galesburg,  June  and  July,  1908 


Plots 

Insects 

June  9(20) 

June  15(20) 

June  23  (10) 

July  5 (10) 

Checks  

Ants 

583 

861 

455 

695 

Aphids 

153 

551 

397 

638 

Oats  

Ants 

564 

819 

877 

635 

Aphids 

15 

48 

67 

605 

Cultivation 

Ants 

588 

1,057 

775 

615 

Aphids 

159 

529 

378 

335 

From  the  above  tabulation  of  the  totals  for  these  dates,  it  will 
be  seen  that  while  the  oats  plot  contained  about  as  many  ants  as  any 
of  the  others,  it  contained  only  about  a tenth  of  the  number  of  root- 
lice  found  in  the  other  plots  at  the  first  three  counts;  and  these  were 
no  doubt  migrants  from  the  other  plots  or  the  descendants  of  such 
migrants.  That  it  should  have  been  so  invaded  by  root-lice  from  ad- 
jacent plots  by  the  5th  of  July,  over  forty  days  after  planting,  that 
the  infestation  was  now  virtually  equalized,  is  consistent  with  what 
we  have  found  in  similar  cases,  and  it  illustrates  forcibly  the  fact  that 
no  field  of  corn  is  safe  against  this  insect,  even  tho  it  may  start 
free  from  the  root-lice  in  spring,  as  long  as  adjacent  fields  are  in- 
fested by  it.  Nevertheless,  the  larger  yield  of  the  oat-ground  plot 
than  that  of  the  cultivation  plot  indicates,  as  we  should  anticipate,  that 
rotation  to  oats  makes  in  the  end  a more  effective  clearance  of  a field 
than  a deep  spring  preparation  of  the  soil. 

The  fact  must  not  be  overlooked,  however,  that  rotation  to  small 
grains  acts  slowly  in  spring,  giving  the  ant-aphis  inhabitants  of  the 
field  sufficient  food  for  some  time,  and  ample  opportunity  to  move,  on 
foot  and  on  the  wing,  to  other  fields,  while  deep  and  thoro  stirring 
produces  its  effect  at  once,  before  the  planting-time  of  the  corn,  killing 
and  keeping  down  the  food  plants  of  the  aphids,  and  so  dispersing 
and  disarranging  the  insect  colonies  as  greatly  to  reduce  the  numbers 
of  the  root-lice. 

Summary 

1.  The  principal  measures  of  protection  against  the  corn  root- 
aphis  are  rotation  of  crops ; an  early  and  deep  plowing,  followed  by 
the  repeated  deep  disking,  of  corn  ground  heavily  infested  by  ants  or 
known  to  have  borne  a crop  injured  by  the  root-aphis;  and  the  use  of 
repellent  substances  at  planting-time,  not  by  direct  application  to  the 
seed,  (which  is  dangerous  to  germination  and  early  growth,)  but  by 
previous  mixture  with  chemical  fertilizers  or  other  powdered  sub- 
stances, to  be  dropped  with  the  seed  by  means  of  a fertilizer-dropper 
attached  to  the  corn-planter.  Pages  405-408. 
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2.  Articles  already  published  in  the  Twenty-fourth  and  Twenty- 

fifth  reports  of  the  State  Entomologist’s  office  show  marked  benefit  in 
field  experiments  with  deep  plowing  and  repeated  deep  disking,  and 
also  as  a consequence  of  the  treatment  of  seed-corn  with  oil  of  lemon 
previous  to  planting,  the  last  statement  being  based  upon  a single  field 
experiment  made  in  1906.  Pages  408-410. 

3.  List  of  operations  described  in  this  paper.  Pages  410  and  411. 

4.  Experiments  of  1907  show  that  wet  weather  at  planting-time 

may  either  result  in  serious  injury  to  the  seed  if  repellents  have  been 
applied  to  it  direct,  or  in  such  washing  away  of  the  repellent  sub- 
stances that  they  produce  no  effect  either  on  the  seed  or  on  the  ants 
and  aphids,  the  character  of  the  effect  apparently  depending  on  the 
amount  of  rainfall  and  on  its  relation  to  the  time  of  actual  planting. 
Comparative  experiments  show  that  the  injurious  effects  reported 
were  not  due,  as  at  first  surmised,  to  differences  in  the  quality  of  the 
repellents  used  in  different  operations.  Pages  41 1-425. 

5.  Laboratory  experiments  with  a considerable  variety  of  repel- 
lents applied  by  uniform  methods  to  colonies  of  the  corn-field  ant  in 
a special  cage,  showed  that  oil  of  tansy,  oil  of  lemon,  anise  oil,  tincture 
of  asafetida,  apterite,  and  vermicide  were  very  strongly  repellent,  that 
kerosene,  camphor,  and  coal-tar  were  less  effective  repellents,  and  that 
a considerable  number  of  other  substances  tested  were,  if  repellent  at 
all,  too  slightly  so  to  make  them  practically  useful.  Pages  425_44a. 

6.  Additional  field  experiments  made  in  1908,  in  a spring  season 

which  proved  to  be  very  wet,  resulted  in  no  injury  to  the  seed,  and  on 
the  other  hand  in  no  benefit  to  the  crop,  flooding  rains  apparently 
washing  away  the  repellents  before  they  could  take  effect  upon  either 
the  seed-corn  or  the  insects.  Pages  445_448 

7.  Experiments  made  in  1910  with  tincture  of  asafetida  and  oil 

of  lemon,  applied  first  to  bone  meal  which  was  then  dropped  with  the 
corn  by  means  of  a fertilizer-dropper  attachment  to  the  planter,  and 
tested  by  the  yield  at  corn-husking,  showed  a gain  of  5.6  bushels  per 
acre  by  the  use  of  asafetida,  and  10.8  bushels  per  acre  by  the  use  of 
oil  of  tansy,  the  first  gain  being  obtained  at  a cost  for  materials  and 
additional  labor  of  thirty-four  cents  a bushel,  and  the  second  gain  at 
twenty-seven  cents  a bushel.  This  result  was  the  more  encouraging 
since  a very  unfavorable  spring  caused  an  unusually  poor  stand  and 
reduced  greatly  the  general  yield  of  corn.  In  a good  corn  season  the 
gain  would  have  been  greater  for  the  same  cost.  Pages  448_452. 

8.  Additional  experiments  with  deep  plowing  and  repeated  disk- 
ing made  in  1909  showed,  in  one  case,  a decrease,  due  to  the  treatment, 
of  43  per  cent  in  the  number  of  hills  infested  by  ants,  and  18  per  cent 
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in  the  number  of  ants  in  the  infested  hills,  and  a decrease  of  27  per 
cent  in  the  number  of  hills  infested  by  root-lice  and  of  9 per  cent  in 
the  number  of  the  root-lice  themselves.  In  another  case  the  number 
of  hills  infested  by  ants  was  reduced  71  per  cent  and  the  number  of 
ants  in  the  infested  hills  83  per  cent,  the  number  of  hills  infested  by 
root-lice  86  per  cent  and  the  number  of  root-lice  in  the  infested  hills 
61  per  cent.  The  same  experiment  showed  that  deep  disking  with  a 
20-inch  disk  was  much  more  effective  in  diminishing  the  number  of 
ants  and  root-lice  than  was  the  comparatively  shallow  disking  of  a 
16-inch  disk,  the  difference  between  the  two  methods  of  treatment 
being  34  per  cent  and  48  per  cent  in  the  number  of  hills  infested  by 
ants  and  by  aphids  respectively,  and  13  per  cent  and  35  per  cent  in  the 
number  of  these  insects  themselves.  It  was  incidentally  shown  by 
this  experiment  that  plowing  to  a depth  of  four  inches  does  not  suf- 
ficiently break  up  the  nests  of  the  ants,  but  that  about  85  per  cent  of 
them  may  be  broken  up  by  plowing  six  inches  deep,  the  remainder 
being  at  least  broken  into.  Pages  452_457 

9.  Observations  made  at  night  upon  the  movements  of  colonies 
of  ants  out  of  plots  treated  as  above,  and  across  furrows  surrounding 
them,  showed  nearly  two  and  a half  times  as  many  migrations  from 
the  plots  deeply  stirred  as  from  the  check  plot.  Migration  lines  across 
furrows  plowed  thru  the  center  of  each  of  the  plots  a week  after 
planting,  showed  the  amount  of  normal  underground  movements  of 
the  ants  at  this  time.  Making  due  allowance  for  this,  it  appears  that 
the  migration  movement  caused  by  the  disturbance  of  the  ants  in 
treated  plots  was  more  than  five  times  as  great  as  this  normal. 

Pages  457-459. 

10.  Plowing  to  a depth  of  six  inches  in  a Galesburg  field,  in  1910, 

dispersed  55  per  cent  of  the  ant  colonies  in  this  field,  and  one  disking 
after  plowing  dispersed  15  per  cent  more.  Plowing  six  inches  deep, 
disking  three  times,  and  rolling  once,  increased  the  yield  of  the  plot 
nearly  25  per  cent,  at  a cost  of  22  cents  a bushel.  One  20-inch  disk- 
ing followed  by  rolling  gave  all  the  advantages  obtainable  by  addi- 
tional diskings.  Pages  459-461. 

11.  Fall  plowing  and  one  spring  disking  are  much  more  effective 
than  spring  plowing  with  no  disking,  the  latter  containing  about  three 
times  as  many  ants  and  four  times  as  many  aphids  as  the  former. 

Pages  461  and  462 

12.  Change  of  corn  ground  to  oats  for  one  year,  and  fall-plowing 
of  the  oats  stubble,  gave  a larger  yield  by  25  per  cent  than  adjacent 
ground  kept  continuously  in  corn,  this  difference  being  accompanied 
by  a root-louse  infestation  of  young  corn  on  the  oats  stubble  about 
one-tenth  that  found  in  corn  on  old  corn  ground.  Pages  462_464. 
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A BIOCHEMICAL  STUDY  OF  NITROGEN 
IN  CERTAIN  LEGUMES* 

By  ALBERT  L.  WHITING,  Associate  in  Soil  Biology 


INTRODUCTION 

The  investigations  considered  in  this  publication  bear  on  the 
biochemical  nature  of  the  element  nitrogen,  especially  as  concerns  its 
fixation  and  assimilation  thru  the  symbiotic  relationship  of  Bacillus 
radicicola  and  certain  members  of  the  botanical  family  known  as 
Leguminosae. 

The  sources  of  the  element  nitrogen  available  for  agricultural 
purposes  are  numerous.  Of  these  the  atmosphere  is  by  far  the  most 
important  and  most  extensive.  Above  each  acre  of  the  earth’s  surface 
there  are  about  69  million  pounds  of  atmospheric  nitrogen,  and 
science  has  shown  that  by  thoroly  scientific  systems  of  management 
this  nitrogen  may  be  appropriated  for  soil  improvement  at  a minimum 
expense.  By  growing  legumes,  atmospheric  nitrogen  may  be  obtained 
at  a low  cost,  often  at  no  net  cost,  for  most  agricultural  leguminous 
crops  are  worth  growing  for  feed  or  seed  alone.  In  commercial  fer- 
tilizing materials,  nitrogen  costs  from  fifteen  to  twenty  cents  per 
pound,  an  amount  from  two  to  five  times  greater  than  that  expended 
for  any  of  the  other  essential  elements  of  plant  food.  It  is  of  passing 
interest  to  note  how  greatly  disproportionate  the  cost  values  of  these 
elements  are  to  the  relative  supplies,  when  the  nitrogen  in  the  air  is 
considered. 

The  United  States  spends  annually,  abroad,  over  32  million  dol- 
lars in  the  purchase  of  combined  nitrogen  for  use  in  various  opera- 
tions, agricultural  and  otherwise.2  Of  this  amount  16!/^  million  dol- 
lars are  expended  for  the  purchase  of  sodium  nitrate,  which  is  the 

Submitted  to  the  Faculty  of  the  Graduate  School  of  the  University  of  Illi- 
nois in  partial  fulfilment  of  the  requirements  for  the  degree  of  doctor  of  phi- 
losophy, June,  1912.  Revised  to  date  of  issuance. 

2Norton : Special  Agent  Series,  Dept,  of  Commerce  and  Labor,  Bur.  of  Manfr., 
No.  52,  9-11. 
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most  important  commercial  form  of  inorganic  nitrogen.  The  present 
world  supply  of  this  salt  is  estimated  at  454,576,200,000  pounds.1 

How  insufficient  this  supply  is,  when  measured  by  crop  require- 
ments, may  be  realized  from  the  fact  that  the  following  nine  important 
crops  of  the  United  States, — corn,  wheat,  oats,  barley,  rye,  potatoes, 
hay,  cotton,  and  tobacco,  in  the  year  1910,  required  for  their  growth 
11,500,000,000  pounds  of  nitrogen.2  If  sodium  nitrate  were  used  for 
growing  these  crops  at  the  rate  stated  above,  the  supply  would  be  ex- 
hausted in  about  six  years.  On  the  other  hand,  the  nitrogen  above 
only  one  square  mile,  weighing  20  million  tons,  would  be  sufficient 
to  supply  what  the  entire  world,  at  its  present  rate  of  consumption, 
would  require  for  the  next  fifty  years.3  The  nitrogen  above  four 
acres  would  furnish  more  than  the  actual  yearly  consumption  of 
commercial  nitrogen  in  the  entire  United  States. 

The  wonderful  possibilities  presented  by  such  an  extensive  source 
of  plant  food,  and  the  fact  that  over  100  million  dollars  are  invested 
in  commercial  fertilizers  each  year  in  the  United  States,  a large  part 
of  which  is  wasted  or  uselessly  applied,  together  with  the  great  natural 
losses  of  nitrogen  that  occur,  tend  to  emphasize  greatly  the  need  of  a 
proper  utilization  of  this  unlimited  reserve  supply.  Further,  it  is  well 
recognized  that  the  maintenance  of  the  nitrogen  supply  is  the  greatest 
of  our  soil  problems.  Nitrogen  cannot  be  purchased  on  the  market  at 
a price  that  will  permit  its  extensive  application  in  growing  the  im- 
portant crops  of  the  United  States.  There  is  only  one  logical  and  in- 
exhaustible source  of  nitrogen  for  the  world  to  utilize  in  the  produc- 
tion of  crops.  That  source  is  the  atmosphere,  from  which  nitrogen 
is  most  economically  and  easily  secured  as  a result  of  the  symbiotic 
relationship  between  B.  radicicola  and  leguminous  plants. 

HISTORICAL 

For  several  centuries  certain  plants  of  the  Leguminosae  have  been 
used  as  soil  improvers.  A few  of  the  more  important  references  to 
their  uses  are  considered  here. 

In  Roman  literature,  among  the  works  of  Columella,4  mention  is 
made  of  the  Roman  farmers  regarding  beans  as  possessing  the  prop- 
erty of  enriching  the  soil,  and  attention  is  also  called  to  the  practice 
of  plowing  under  lupines.  Alfalfa  and  vetches  were  observed  to  pro- 
duce similar  results  to  those  of  lupines  and  beans.  Like  notations 

^Review  of  Reviews,  April,  1910. 

2Yields  taken  from  U.  S.  Yearbook,  1910.  For  calculations  see  Hopkins ’ 
“Soil  Fertility  and  Permanent  Agriculture’’  (1910),  154;  also  603-604. 

3Norton:  Special  Agent  Series,  Dept,  of  Commerce  and  Labor,  Bur.  of  Manfr., 
No.  52,  9-11. 

4Marshall:  Microbiology  (1911),  273. 


1915]  A Biochemical  Study  op  Nitrogen  in  Certain  Legumes 


473 


may  be  found  among  the  writings  of  Thaer  and  Walz.1  Gasparin2 
constantly  calls  attention  to  the  power  of  leguminous  plants  to  add 
nitrogen  to  the  soil.  Jethro  Tull3  wrote  concerning  the  efficiency  of 
legumes  in  restoring  depleted  soils,  mentioning  especially  sanfoin  and 
alfalfa. 

It  may  be  noted  here  that  Hellriegel,  who  later  was  most  promi- 
nent in  the  discovery  of  the  relation  existing  between  legumes  and 
bacteria,  wrote  in  1863  as  follows:  “Clover  plants  may  develop  nor- 
mally and  completely  in  mere  sand  to  which  the  necessary  mineral 
constituents  of  plant  food  have  been  added  in  assimilable  forms,  even 
when  this  soil  contains  no  trace  of  any  compound  of  nitrogen  or  of 
organic  matter.’ ’ 

Schultz-Lupitz4  in  1881  reported  results  that  were  of  both  chemi- 
cal and  practical  significance.  After  growing  lupines  for  fifteen  con- 
secutive times  on  a sandy  soil,  without  the  application  of  nitrogenous 
materials,  he  observed  that  the  yields  did  not  diminish ; and  when  he 
grew  cereals  on  the  same  land  after  the  lupines,  he  found  that  the 
yields  of  the  grains  were  two  and  three  times  the  yields  where  no 
lupines  had  been  grown.  Analyses  of  the  soils  at  the  end  of  this  time 
showed  that  where  the  lupines  had  been  grown,  the  nitrogen  content 
of  the  surface  six  inches  had  increased  by  .06  percent.  Frank5  veri- 
fied these  results  with  twenty  years  of  lupine  culture  on  the  same 
fields. 

About  this  time  a great  deal  of  interest  centered  on  pot-culture 
experiments  with  legumes.  Many  physiologists  and  chemists  worked 
on  the  problem  of  nitrogen  collection  by  legumes.  Prominent  among 
these  were  the  scientists  Boussingault,6  and  Lawes,  Gilbert,  and  Pugh,7 
who,  owing  to  their  great  accuracy,  sacrificed  the  possibility  of  becom- 
ing the  discoverers  of  this  important  relationship.  In  their  great  care, 
they  destroyed  the  vital  agency  (B.  radicicola)  necessary  for  the  ac- 
complishment of  this  symbiotic  fixation. 

Later,  in  1886,  Hellriegel  and  his  co-worker  Wilfarth8  made  the 
classical  discovery  that  legumes  obtain  atmospheric  nitrogen  thru  the 
association  of  microorganisms  living  in  the  nodules.  In  a preliminary 
report  read  before  a section  of  scientists  assembled  on  September  20, 
1886,  at  Berlin,  Hellriegel  announced  his  findings ; and  in  a more  com- 

^torer:  Agriculture  (1906),  2,  97. 

Tbid. 

3Lipman:  Bacteria  in  Relation  to  Country  Life  (1908),  206. 

4Schultz-Lupitz:  Landw.  Jahrb.  (1881),  10,  777. 

5Frank:  Landw.  Jahrb.  (1888),  17,  501. 

6Boussingault:  Ann.  Sci.  Agron.  (1909),  26,  Ser.  3,  4,  102-130. 

7Lawes,  Gilbert,  and  Pugh:  Rothamsted  Experiments  (1905),  6-7. 

“Hellriegel  and  Wilfarth:  Tagblatt  d.  Naturforscher  Yersamml.  z.  Berlin 
(1886),  290. 
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plete  account  rendered  two  years  later,  he  made  known  to  the  world 
his  researches.  These  are  summarized  as  follows:1 

1.  The  legumes  differ  fundamentally  from  the  grains  in 
their  nutrition  with  respect  to  nitrogen. 

2.  The  grains  ( Gramineae ) can  satisfy  their  nitrogen 
need  only  by  means  of  assimilable  combinations  existing  in 
the  soil,  and  their  development  is  always  in  direct  proportion 
to  the  provision  of  nitrogen  which  the  soil  places  at  their 
disposal. 

3.  Outside  the  nitrogen  of  the  soil,  the  legumes  have  at 
their  service  a second  source  from  which  they  can  draw  in 
most  abundant  manner  all  the  nitrogen  which  their  nutrition 
demands  to  complete  that  lack  when  the  first  source  is  in- 
sufficient. 

4.  That  second  source  is  the  free  nitrogen — the  elemen- 
tary nitrogen  of  the  atmosphere  which  is  furnished  to  them. 

5.  The  legumes  do  not  possess  by  themselves  the  faculty 
of  assimilating  the  free  nitrogen  from  the  air;  it  is  ab- 
solutely necessary  that  the  vital  action  of  microorganisms  of 
the  soil  come  to  their  aid  in  order  to  attain  this  result. 

6.  In  order  that  the  nitrogen  of  the  air  can  be  made  to 
serve  the  nutrition  of  the  legumes,  the  sole  presence  of  lower 
organisms  in  the  soil  is  not  sufficient;  it  is  still  necessary 
that  certain  among  them  enter  into  a symbiotic  relationship 
with  the  plants. 

7.  The  nodules2  of  the  roots  must  not  be  considered  as 
simple  reservoirs  of  albuminoid  substances;  their  relation 
to  the  assimilation  of  free  nitrogen  is  that  of  cause  to  effect. 

Schloesing  and  Laurent3  after  growing  legumes  in  a confined  at- 
mosphere, gave  out  the  following  direct  evidence  of  the  fixation  of  at- 
mospheric nitrogen. 

Atmospheric  nitrogen  introduced 


into  culture  vessel 2681.2  ccm. 

Atmospheric  nitrogen  withdrawn 2653.1  ccm. 


Amount  of  nitrogen  assimilated 28.1  ccm. 

(=36.5  mg.) 

Nitrogen  in  the  soil  and  crop 73.2  mg. 

Nitrogen  in  the  soil  and  seed 32.6  mg. 


Nitrogen  assimilated 40.6  mg. 


TIellriegel  and  Wilfarth:  Beil.  Zert.  d.  Yerins.  fur  die  Rubenzucker  in- 

dustrie,  Berlin,  Nov.,  1888;  or  Lafar  Handbuch  der  teehnischen  Mykologie  (1904- 
06),  3,  31. 

2Nodules  substituted  for  tubercles. 

3Schloesing  and  Laurent:  Compt.  Rend.  Acad.  Sci.  (1890),  111,  750;  (1892) 
115,  659,  732. 
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In  addition  to  the  scientists  mentioned  above,  Atwater  and  Woods, 
Berthelot,  Muntz,  Ville,  Maze,  Deherain,  Frank,  Hartig,  Nobbe,  Hilt- 
ner,  Warrington,  Hopkins,  and  many  others  have  done  much  careful 
work  in  solving  the  problem  and  applying  the  truths  discovered. 

BIOLOGICAL 

Nodules,1  which  are  the  visible  manifestations  of  infection,  were 
observed  upon  the  roots  of  legumes  by  Malphighi2  as  early  as  1687. 
The  investigators  of  those  times  believed  that  the  nodules  were  the  re- 
sult of  pathological  processes, — that  they  were  lumps,  knobs,  warts, 
and  even  galls.  In  1853  the  modern  conception  of  the  nodule  as  a nor- 
mal growth  on  the  legume  plant  was  established  by  L.  C.  Treviranus.3 

Various  theories  have  been  proposed  as  to  the  function  of  these 
peculiar  outgrowths,  some  advancing  the  idea  that  they  were  storage 
reservoirs  or  stimuli  whereby  the  plants  obtained  nitrogen  from  the 
atmosphere  thru  their  leaves.  Recently  Jost4  has  called  them  “bac- 
terium galls,  ” local  hypertrophies  not  dissimilar  to  those  sometimes 
caused  by  animal  life.  An  astonishing  conception  has  crept  into  the 
minds  of  the  authors  of  certain  general  textbooks  on  bacteriology  and 
plant  physiology  that  nodules  are  abnormal  growths  and  that  their  re- 
lationship to  plants  is  either  wholly  or  partially  parasitic.  It  seems 
preferable,  even  to  those  familiar  with  the  limitations  of  the  theory, 
to  describe  this  relationship  as  a normal  condition  and  a true  mutual 
symbiosis. 

That  the  formation  of  these  nodules  is  due  to  external  infection 
was  definitely  shown  in  1887  by  Marshall  Ward,5  who  was  able  to  inocu- 
late the  roots  of  young  legumes  by  placing  them  in  contact  with  old 
nodules.  In  Germany  the  first  attempts  to  grow  soybeans  ( Glycine 
hispida)  in  the  botanical  gardens  resulted  in  failure,  and  it  was  not 
until  soil  from  the  natural  habitat  of  that  plant  was  imported  for 
inoculation  that  soybeans  were  grown  successfully.6  The  history  of 
the  introduction  of  alfalfa  culture  in  the  states  of  Kansas  and  Illinois 
exemplifies  in  a large  way  this  need  of  inoculation.  From  this  experi- 
ence developed  the  soil-transfer  method  and  the  glue  method 7 of  inocu- 
lation, both  of  which  are  recognized  today  as  superior  to  the  use  of  so- 
called  commercial  cultures. 

Modules  are  recognized  on  the  following  non-leguminous  plants:  alders 

( Alnus  glutinosa) , silverberry  (Eleagrms) , sweet  gale  ( Myrica  Gale),  sago  palm, 
an  evergreen,  (Podocarpineae) , cycads  (Cycacadeae) , birthwort  (Aristolociaceae) . 
Nitrogen-fixing  bacteria  resembling  B.  radicicola  have  been  found  in  the  alder, 
silverberry,  sweet  gale,  and  five  varieties  of  podocarpus. 

"Malphighi:  Op.  (1687),  2,  126,  Leiden. 

3Treviranus:  Bot.  Ztg.  (1853),  11,  393. 

Most:  Plant  Physiology  (Gibson  1907),  237. 

5Ward:  Phil.  Trans.  Roy.  Soc.  London  (1887),  178,  139. 

6Soil  inoculation  experiments  were  instituted  as  early  as  1887  at  the  Moor 
Culture  Experiment  Station,  Bremen,  Germany. 

7I11.  Agr.  Exp.  Sta.  Buis.  76,  94. 
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Two  types  of  nodules  have  been  recognized  by  Tschirch;1  Lupinus 
(lupine)  represents  one  type  and  Robina  (locust)  the  other.  As  may 
be  seen  by  reference  to  Plates  I and  II,  they  differ  in  morphological 
appearance.  The  Lupinus  type  involves  a swelling  of  the  central  root 
cylinders  themselves,  while  in  the  Robina  type  only  the  epidermal  and 
the  endodermal  tissues  seem  to  enlarge.  According  to  Tschirch,  the 
nodules  of  lupines  alone  are  of  the  first  type,  while  those  of  all  other 
legumes  belong  to  the  second. 

The  figures  in  Plate  III  are  sufficient  to  illustrate  the  most  com- 
mon shapes  of  the  Robina  type.  The  shape  varies  with  the  different 
species  of  legumes,  and  to  a certain  extent  with  the  individuals  on  the 
same  legume  plant.  In  the  experimental  work  reported  in  this  publi- 
cation, over  twenty  thousand  nodules  were  examined  closely,  and  it 
was  not  uncommon  to  find  on  the  same  plant  notable  variations  due  to 
external  obstructions  to  growth. 

Infection 

The  artificial  inoculation  of  a plant  is  easily  accomplished  by  con- 
tact. If  the  epidermis  of  the  root  is  wounded  and  the  infecting  or- 
ganism ( B . radicicola)  brought  into  contact  with  the  wound,  nodules 


Fig.  1. — Boot  hair  of  com- 
mon pea  ( Pisurn  sati- 
vum), showing  infecting 
strand  (x300)  (After 
Prazmowski) 


Fig.  2. — Boot  cell,  showing  in- 
fecting strand  passing  thru  it 
and  the  formation  of  lamellae 
(x650)  (After  Prazmowski) 


1Tschirch:  Ber.  deut.  Bot.  Gesell.  (1887),  5,  58. 


1915]  A Biochemical  Study  of  Nitrogen  in  Certain  Legumes 


477 


Plate  I. — Nodules  of  Bobina  Type  on  Boots  of  Soybeans 

(Enlarged) 
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Plate  II. — Nodules  of  Lupinus  Type  on  Boots  of  Lupine  Seedlings 
(After  A.  Meyer) 
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result.  Inoculation  in  pot  cultures  is  attained  by  placing  an  infusion 
on  the  seed  or  in  the  medium.  A similar  method  is  successful  with 
water  cultures. 


Inoculation  as  It  Occurs  Under  Field  Conditions 


Studies  of  inoculation  as  it  occurs  in  the  field  show  the  following 
generally  accepted  phenomena: 

As  the  tip  of  the  root  hair  of  the  legume  pushes  itself  out  into 
the  soil,  it  chances  to  come  into  intimate  contact  with  the  organism 
B.  radicicola.  Some  scientists  have  exploited  the  view  that  the  organ- 
ism is  attracted  to  the  plant  by  chemotaxis,  believing  that  the  plant 
excretes  a substance,  probably  a carbohydrate,  which  diffuses  into  the 
soil  solution  and  attracts  the  motile  organism.  While  it  has  been 
rather  definitely  shown  that  this  organism  progresses  in  the  soil  at  a 

rapid  rate,  nevertheless  the 
number  of  root  hairs  in- 
fected1 is  too  small  to  lend 
support  to  a chemotactic 
theory.  However  the  case 
may  be,  the  organisms  clus- 
ter at  the  tip  of  the  hair 
and  by  means  of  an  enzyme 
(or  otherwise)  rapidly  dis- 
solve the  cellulose  of  the 
cell  wall,  thus  enabling  the 
organism  to  enter  the  root 
hair.  As  a result,  there  is 
a decided  bending  of  the 
tip,  causing  it  to  resemble 
a shepherd’s  crook.  This 
was  early  observed  as  a 
sign  of  complete  infection. 
It  is  claimed  that  other 
root  hairs  which  form  after 
infection  are  immune  to 
the  attack  of  other  legumi- 
nous bacteria.2 

The  organisms,  by  rapid 
division  and  growth,  ad- 
vance thru  the  center  of 


Fig.  3. — Young  nodule  magnified,  showing  af- 
fected root  hair  and  same  root  hair  more 
highly  magnified  (After  Atkinson) 


the  infected  root  hair.  Prazmowski3  found  organisms  in  the  cell 


fierce,  G.  J. : Proc.  Cal.  Acad.  Sci.  II,  No.  10  (1902),  295-328.  Pierce  found 
the  proportion  with  bur  clover  to  be  1:1000. 

2Fred:  Vir.  Agr.  Exp.  Sta.  Ann.  Rpt.  1909-10,  123-125. 

3Prazmowski:  Landw.  Yers.  Stat.  (1890),  37,  160-238. 
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sap  and  even  in  the  epidermis  only  two  days  after  inoculation. 
In  this  advance  an  infection  strand  (Infektion-schlauche)  is  formed, 
which  consists  of  gelatinous  material,  and  in  the  earlier  stages  of  de- 
velopment this  strand  may  be  traced  from  the  root  hair  into  the  inner 
tissue  of  the  root  and  from  cell  to  cell  thruout  the  nodule.  This  infect- 
ing strand  is  not  supposed  to  constitute  a portion  of  the  living  tissue, 
nor  is  it  a well-defined  tube ; but,  as  Fred  has  recently  shown,  it  con- 
sists of  a large  number  of  zoogloea  occurring  adjacent  to  one  another, 
in  which  separate  bacteria  can  be  distinguished.  The  infecting  strand 
branches  profusely,  and  it  was  this  habit  of  growth  which  caused  the 
early  investigators  to  consider  it  the  mycelium  of  a fungous  growth. 

Growth  of  the  Nodule 

The  presence  of  B.  radicicola  in  the  tissues  of  the  root  causes  a 
rapid  cell  division  in  the  pericycle.  These  cells  become  larger  and 
contain  more  protoplasm  than  the  surrounding  cells,  and  as  growth 
takes  place,  the  cortical  parenchyma  and  epidermis  are  forced  out- 
ward, thus  forming  a nodule.  The  growth  of  the  nodule  is  apical.  The 
various  tissues  common  to  the  plant  are  present  (see  Fig.  4).  In  the 
central  portion  of  the  nodule  is  the  so-called  bacteroidal  tissue,  which 
is  ochre,  flesh,  or  gray  in  color,  according  to  the  age  of  the  nodule,  and 
in  this  portion  the  infecting  strand  (Infektion-schlauche)  is  distin- 
guished in  the  young  nodule.  It  ramifies  thruout  the  cells,  causing 
those  which  it  enters  to  lose  their  power  of  cell  division  but  not  of 
growth.  Later,  or  in  older  nodules,  the  infecting  strand  is  not  visible, 
and  the  bacteroidal  tissue  loses  its  firmness.  At  the  period  when  seed 
formation  is  at  its  height,  most  of  the  nodules  are  soft,  and  the  inter- 
nal tissues  slough  off,  leaving  the  more  resistant  epidermal  tissue  as  a 
mere  shell,  which  later  decays.  The  endurance  of  the  nodule  depends 
upon  several  factors, — chiefly,  however,  upon  the  kind  of  legume  plant 
on  which  it  is  produced  and  the  need  of  nitrogen  by  that  plant. 

Pierce1  considers  the  nodules  as  originating  endogenously  from 
the  same  layer  of  cells  as  the  lateral  roots,  and  as  being  morphologi- 
cally similar  to  them ; however,  as  the  lateral  roots  rupture  the  epider- 
mis, the  above  statement  is  not  entirely  in  accord  with  what  actually 
takes  place. 

The  nodules  are  largest  and  most  numerous  where  aeration  is  best 
in  the  soil.  In  saturated  soils  they  occur  at  the  surface  and  are  often 
found  colored  green,  very  similar  to  sunburned  potatoes.  Nodules 
form  in  solutions,  and  exceptionally  well  in  certain  nutrient  solutions. 
Several  interesting  instances  have  been  brought  to  the  attention  of  the 
Experiment  Station,  in  which  the  observers  believed  that  the  nodules 


"Pierce,  G.  J.:  Proc.  Cal.  Acad.  Sci.  II,  No.  10  (1902),  295-328. 
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had  grown  above  the  ground.  These  peculiarities  were  undoubtedly 
caused  by  unobserved  physical  conditions  occurring  at  the  time  of  in- 
fection or  afterward. 


X y/e?77 

Fig.  4. — Young  Nodule,  Showing  the  Beginning  of  the  Differentiation 
of  its  Tissues  (After  Prazmowski) 

BACTERIOLOGICAL 

Minute  bodies  were  first  detected  in  nodules  in  1866  by  Woronin,1 
a Russian  botanist.  At  that  time  bacteria  were  not  recognized,  and  it 
was  not  until  1887  that  they  were  demonstrated  to  be  true  bacteria  by 
Wigand.2 


Voronin:  Bot.  Ztg.  (1866),  24,  329. 

^Wigand:  Bot.  Heft.  Forsch,  a.d.Bot.  Bart.  3 Marburg  (1887),  288. 
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Immediately  afterward,  Beyerinck1  isolated  the  organism  on  an 
artificial  medium  composed  of  a decoction  of  pea  leaves,  gelatine  (7 
percent),  asparagine  (.25  percent),  and  saccharose  (.5  percent).  He 
named  the  organism  Bacillus  radicicola,  altho  he  described  an  organ- 
ism bearing  a single  polar  flagellum.  This  organism  became  generally 
described  as  Pseudomonas  radicicola , and  some  writers  still  prefer  this 
designation.  The  organism  has  been  known  under  a variety  of  terms, 
as  Schinzia  leguminosarum , Cladochitrium  tuberculorum,  Rlfiizobium 
radicicola , Rhizobium  leguminosarum , Bacterium  radicicola , Micro- 
coccus tuberigenus,  Myxobacteriaceae,  Actinomyces,  and  Pliytomoyxa. 
Such  inappropriate  names  as  Rhizobacterium  japonicum  and  Rhizo- 
bium  sphaeroides  are  applied  to  certain  special  races.  In  commercial 
and  general  use,  the  organism  is  labeled  as  pea  bacteria,  bean  bacteria, 
alfalfa  bacteria,  et  cetera. 

Recent  studies  on  the  number  of  flagella  possessed  by  this  organ- 
ism have  indicated  that  the  organism  is  a bacillus,  and  it  is  there- 
fore desirable  to  adopt  the  original  name  B.  radicicola,  as  proposed 
by  Beyerinck. 

Bacillus  radicicola 

These  bacilli  are  rod-shaped  organisms  possessing  numerous  fla- 
gella (6  to  20) , which  are  peritrichous.  When  full  grown  they  vary  in 
length  from  1 to  4 or  5/a.2  It  is  not  uncommon  to  find  them  from  .5  to 
.6/a  wide  and  from  2 to  3/a  long,  and  some  have  been  found  to  measure 
only  .18/a  wide  and  .9/a  long.  The  organism  is  actively  motile.  It  is 

strongly  aerobic,  and  in  this  connection 
Pierce  calls  attention  to  the  intracellu- 
lar spaces  in  the  root,  which  make  it  un- 
necessary to  assume,  as  has  been  done, 
that  it  must  live  anaerobically.  It  is 
known  that  this  organism  does  not  form 
spores,  but  its  means  of  enduring  in  the 
soil  has  not  yet  been  determined.  The 
bacilli  prevail  in  the  young  nodule, 
while  the  branched  forms,  or  bacteroids 
(see  page  487),  predominate  in  the  older 
structure. 

Fig.  5. — B.  radicicola,  show-  R.  radicicola  grows  well  on  a great  va- 

mg  shape  and  flagella  riety  of  culture  media,  perhaps  best  on 

a medium  of  ash-maltose-agar  or  one  of  legume  extract  plus  a sugar 
and  dipotassium  phosphate.  Dextrose,  saccharose,  and  maltose  are 
suitable  carbohydrates.  The  cultural  characteristics  of  the  colonies 
and  the  morphology  of  the  organism  will  not  be  considered  at  this 
time,  but  it  might  be  stated  that  many  modifications  occur  on  various 
media. 

^Beyerinck:  Bot.  Ztg.  (1888),  46,  725;  also  741,  757,  780,  797. 

a/A=rmicron,  or  1/25,000  of  an  inch. 
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Growth  and  Endurance  of  B.  radicicola 

The  optimum  temperature  for  B.  radicicola  varies  between  18° 
and  26 °C.  The  thermal  death  point,  according  to  Zipfel,1  is  60°  to  62° 
C.  Growth  is  perceptible  between  3°  and  46°  C. 

B.  radicicola  is  not  very  sensitive  to  the  reaction  of  the  medium, 
which  may  be  either  acid  or  alkaline.  Under  field  conditions,  the 
organism  exists  in  extremely  acid  soils,  especially  the  race  peculiar  to 
legumes  which  thrive  well  on  very  acid  soils.  Experiments  have  dem- 
onstrated that  the  bacteria  can  withstand  any  degree  of  acidity  or 
of  alkalinity  in  the  soil,  that  the  particular  legume  itself  can  endure. 

That  the  organism  endures  at  least  two  years  in  dry  soil  was  de- 
termined by  Ball.2  Harrison  and  Barlow3  found  that  the  limit  of 
viability  on  ash-maltose-agar  varied  somewhat,  but  that  in  the  ma- 
jority of  cases  it  was  about  two  years.  No  doubt  the  organism  will 
live  much  longer  than  this  on  artificial  media  when  suitable  conditions 
of  growth  are  maintained.  How  long  the  clover  or  alfalfa  organism 
will  exist  in  a soil  under  field  conditions  is  not  yet  known,  but  prac- 
tical observations  indicate  that  it  must  be  many  years. 

The  statement  is  quite  generally  made  that  B.  radicicola  becomes 
‘ ‘ nitrogen  hungry  ’ ’ when  cultivated  thru  several  generations  on  nitro- 
gen-free media.  This  fact  has  not  been  sufficiently  demonstrated  to 
be  accepted,  for  while  Siichtung,  Hiltner,  and  others  have  found  that 
these  organisms  survive  cultivation  on  nitrogen-free  media  for  a year 
and  at  the  end  of  that  time  possess  the  same  ability  to  effect  inocula- 
tion and  nitrogen  fixation  in  the  legume  as  organisms  obtained  from 
fresh  nodules,  yet  the  bacteria  had  apparently  made  no  appreciable 
gain  in  ability  to  effect  inoculation.  Garman  and  Didlake4  failed  to 
find  that  nitrogen-free  medium  possessed  any  particular  advantage 
over  a legume-extract  medium  in  causing  the  organism  to  become 
“nitrogen  hungry.’ ’ 


Indentity  of  B.  radicicola 

It  is  believed  by  some  that  the  various  legumes  have  different 
species  of  bacteria.  Evidence  has  been  produced  which  indicates 
that  nodules  do  not  contain  but  a single  race  of  infecting  organisms. 
Gino  de  Rossi5  reported  the  finding,  in  artificial  cultures,  of  two 
organisms  which  differed  in  that  one  formed  a large  hyaline  colony, 
not  developing  well  in  beef  and  peptone  gelatine,  while  the  other 

'Zipfel:  Centbl.  f.  Bakt.  2 Abt.  (1912),  32,  97-137.  Five  minutes  taken  as 
the  time  of  exposure  instead  of  ten  minutes. 

2Ball:  Centbl.  f.  Bakt.  2 Abt.  (1909),  23,  50. 

3Harrison  and  Barlow:  Centbl.  f.  Bakt.  2 Abt.  (1907),  19,  429. 

4Garman  and  Didlake:  Ky.  Agr.  Exp.  Sta.  Bui.  184,  352. 

BGino  de  Rossi:  Centbl.  f.  Bakt.  (1907),  18,  289-314,  418-489. 
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formed  white  non-transparent  colonies  in  beef  gelatine.  He  believed 
that  he  had  found  another  organism  associated  with  B.  radicicola. 
This  work  has  not  been  sufficiently  substantiated  to  be  accepted  as 
final.  Greig-Smith1  reported  having  found  three  races  of  this  or- 
ganism in  the  same  nodule.  Hiltner  and  Stormer2  classify  nodule 
bacteria  into  two  groups,  Rhizobium  radicicola  and  Rhizobium  beyer- 
inckii.  The  former  they  associate  with  lupines,  serradella,  and  soy- 
beans ; the  latter  with  all  other  legumes. 

On  the  other  hand,  the  results  of  many  investigators3  (especially 
Laurent,4  who  obtained  nodules  on  the  pea  with  organisms  from 
thirty-six  different  legumes,  and  Nobbe  et  al., 5 who  worked  on  the 
adaptability  of  nodule  bacteria  of  unlike  origin  in  different  genera  of 
Leguminosae) , seem  to  support  the  theories  of  the  identity  of  nodule 
organisms  and  the  presence  of  only  one  race  in  the  nodule. 

On  the  whole,  present  experimental  evidence  is  slightly  in  favor 
of  the  view  that  there  is  only  one  species  of  this  organism  thruout  the 
entire  family  of  legumes.6  This  conception  is  not  easily  reconciled 
with  field  observations,  for  under  natural  conditions  this  organism 
has  become  so  modified  as  to  make  it  appear  that  there  are  many 
species.  Contamination  of  the  nodule  has  undoubtedly  been  responsi- 
ble for  varying  conclusions  in  this  connection. 

Enzyme  Production  by  B.  radicicola 

Hiltner7  reported  the  finding,  by  filtration  thru  porcelain,  of  a 
substance  produced  by  B.  radicicola  which  can  dissolve  the  cell  wail 
of  root  hairs.  No  proteolytic  enzyme  has  as  yet  been  reported. 
Further,  Beyerinck  claims  that  no  enzyme  has  been  found  which  at- 
tacks lime,  starch,  or  cellulose,  or  which  is  capable  of  inverting  sac- 
charose. In  recent  studies,  Fred,8  altho  unable  to  detect  a proteolytic 
enzyme,  obtained  slight  evidence  of  the  presence  of  oxidases  in  the 
slime  of  various  legume  bacteria.  These  results  suggest  the  need  of 
further  studies  on  enzyme  production  by  this  organism.  Similar  to 
all  microorganisms,  it  has  the  ability  to  reduce  methylene  blue  to  the 
colorless  leuco-compound. 

’Greig-Smith : Jour.  Soc.  Chem.  Indus.  (1902),  26,  304-306. 

2Hiltner  and  Stormer:  Arb.  K.  Gsndhtsamt,  Biol.  Abt.  (1903),  3H.  3,  151. 

3Harrison  and  Barlow:  Centbl.  2 Abt.  (1907),  19,  429. 

Kellerman:  Centbl.  f.  Bakt.  2 Abt.  (1912),  34,  45. 

Buchanan:  Centbl.  f.  Bakt.  2 Abt.  (1909),  22,  371. 

4Laurent:  Exp.  Sta.  Bee.  (1890),  2,  186. 

BNobbe  et  al.:  Centbl.  f.  Bakt.  2 Abt.  (1895),  1,  199. 

” ” ” : Ibid  (1900),  6,  449-457. 

6Kellerman  (see  note  3)  reported  inoculation  of  soybean,  lupine,  and  also 
of  alfalfa  from  a culture  originally  isolated  from  alfalfa  and  kept  on  artificial 
media  in  the  laboratory  for  six  years. 

’Hiltner:  Centbl.  f.  Bakt.  2 Abt.  (1900),  6,  273. 

8Fred:  Yir.  Agr.  Exp.  Sta.  Ann.  Bpt.  1910-U,  123. 
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Slime  Production  by  B.  radicicola 

B.  radicicola  produces,  on  artificial  media,  a gum,  or  slime,  which 
is  partly  soluble  and  party  exists  as  a zoogloeal  mass.  The  organisms, 
on  suitable  media,  have  been  observed  to  surround  themselves  with 
definite  capsules  several  times  thicker  than  themselves.  These  cap- 
sules are  rather  distinct  at  first  but  later  form  a gelatinous  mass. 
Greig-Smith1  and  Maze,2  who  studied  this  slime,  claimed  for  it  a nitro- 
genous substance.  The  results  obtained  by  Buchanan,  Gage,  and 
Fred  agree  and  are  in  direct  refutation  of  the  above.  This  is  impor- 
tant to  bear  in  mind  in  connection  with  the  theories  later  to  be  dis- 
cussed. Gum  is  not  formed  from  a carbohydrate  containing  less  than 
five  carbon  atoms. 

Isolation  of  B.  radicicola  from  Soil 

Until  recently  B.  radicicola  had  never  been  very  successfully 
isolated  from  a normal  soil  except  by  means  of  a legume  plant.  Gage,3 
after  a long,  tedious  process,  obtained  from  soil  an  organism  which 
was  capable  of  producing  nodules  on  red  clover  and  which  appeared 
to  be  identical  with  B.  radicicola.  Still  more  recently  Greig-Smith4 
has  reported  the  isolation  of  this  organism  from  soil,  but  his  work 
has  not  been  substantiated  by  others. 

Maze  early  attempted  the  isolation  of  B.  radicicola  from  sterilized 
and  non-sterilized  soils  to  which  pure  cultures  had  been  added.  He 
isolated  the  organism  from  the  soil  which  had  been  sterilized  before 
the  addition  of  the  culture,  but  he  was  unable  to  recover  it  from  the 
unsterilized  soil.  Kellerman  and  Leonard5  isolated  (on  the  agar  rec- 
ommended by  Greig-Smith)  an  organism  which  inoculated  alfalfa 
from  soil  that  had  been  sterilized  and  subsequently  inoculated  with 
living  organisms  of  B.  radicicola.  Lipman  and  Fowler6  were  able 
to  isolate  the  organism  peculiar  to  vetch  ( Vida  sicula)  on  soil-ex- 
tract agar  and  proved  out  the  organism.  They  attained  success  in 
about  40  percent  of  the  cases,  judging  from  the  condensed  report 
recently  published. 

Dissemination  of  B.  radicicola 

Those  familiar  with  pot-culture  experiments  and  inoculation  ex- 
periments with  legumes  easily  understand  that  legume  bacteria  are 
disseminated  in  many  ways.  In  fact,  sterile  conditions  are  difficult  to 
maintain.  The  layman,  however,  may  wonder  how  legume  bacteria 

"Greig-Smith:  Centbl.  f.  Bakt.  2 Abt.  (1911),  30,  552-556. 

2Maze:  Ann.  Inst.  Pasteur  (1898),  12,  128. 

3Gage:  Centbl.  f.  Bakt.  2 Abt.  (1910),  27,  7-48. 

4Greig-Smith : Centbl.  f.  Bakt.  2 Abt.  (1912),  34,  227-229. 

5Kellerman  and  Leonard:  Science  (1913),  38,  95-98. 

6Lipman  and  Fowler:  Science  (1915),  41,  No.  1050,  256-258. 
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not  common  to  a certain  locality  creep  in.  A few  agents  concerned  in 
the  transfer  of  the  organisms  are  here  cited. 

The  seeds  themselves  are  a common  means  of  distribution.  The 
ruptured  seed  coats  offer  an  opportunity  for  the  various  kinds  of  bac- 
teria to  accompany  the  seeds  in  a most  persistent  manner.  Sometimes 
wind  is  responsible  for  the  dissemination  of  these  bacteria.  An  inter- 
esting instance  is  cited  by  Ball  of  Texas:  a wind  storm  blew  off  the 
roof  of  the  culture-house  in  which  legumes  were  being  grown  under 
sterile  conditions,  and  as  a consequence  the  various  plants  under  ob- 
servation became  inoculated.  Water  has  been  known  to  aid  in  inocu- 
lating large  areas  during  washing  and  floods.  The  transfer  of  un- 
cleaned seed  is  sure  to  result  in  the  conveyance  of  some  inoculating  or- 
ganisms in  the  impurities  accompanying  the  seed.  Cultivation,  espe- 
cially harrowing,  is  also  responsible  for  the  spread  of  the  organisms. 
The  addition  to  soils  of  legume  residues  from  either  fields  or  stables 
is  still  another  common  means  of  dissemination. 

Fixation  of  Nitrogen  Without  the  Legume  Plant 

Maze,1  in  1897,  demonstrated  that  nodule  bacteria  have  the  power 
to  assimilate  atmospheric  nitrogen  in  the  absence  of  a legume.  His 
researches  have  been  verified  by  others,  altho  the  amounts  of  nitrogen 
obtained  in  his  experiments  have  never  been  equaled.  Recently  con- 
ducted experiments2  on  this  question  show  that  as  an  average,  in  liquid 
and  in  solid  media,  about  1.2  milligrams  of  nitrogen  are  fixed  per 
100  cc.  of  medium.  A fixation  in  the  absence  of  the  legume  plant  has 
been  found  in  sterile  sand  and  in  soil.  How  important  this  kind  of 
non-symbiotic  fixation  is,  has  yet  to  be  more  fully  determined.  At 
the  present  time  it  is  generally  recognized  as  insignificant  compared 
with  symbiotic  fixation  in  the  nodules  of  legumes. 

Bacteroids 

Bacteroids  are  believed  to  be  a form  which  appears  in  the  devel- 
opment of  B.  radicicola.  The  cell  activities  of  this  form  are  main- 
tained in  a way  similar  to  that  in  which  the  cell  activities  of  the  rod- 
shaped form  are  maintained.  Stefan3  states  that  these  bacteroids  are 
thin-walled  and  capable  of  division  when  young,  but  that  when  older 
they  become  swollen  and  finally  degenerate.  Fred  was  able  to  observe 
the  changes  which  occur  in  the  organism  in  passing  from  the  bacillus 
to  the  extreme  vacuolized  bacteroidal  form.  The  organism  at  first 
apparently  thickens  at  one  end  and  then  branches  into  the  bacteroid, 
which  is  characterized  by  rounded  outgrowths,  known  as  vacuoles. 
These  vacuoles  appear  at  a definite  period  of  growth  and  evidently 

qviaze:  Ann.  Inst.  Pasteur  (1897),  11,  44. 

2Fred:  Yir.  Agr.  Exp.  Sta.  Ann.  Rpt.  1909-10,  138-142. 

3Stefan:  Centbl.  f.  Bakt.  2 Abt.  (1906),  16,  131-149. 
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are  not  a sign  of  polymorphism,  but  are  a further  development  of  the 
bacteroid.  (They  require  special  staining  to  be  made  visible.) 

Bacteroids  occur  in  the  nodule  as 
well  as  on  culture  media.  Their 
morphology  varies  according  to  the 
constituents  of  the  culture  media. 
Some  writers  prefer  to  call  these  ir- 
regular organisms  degenerate  or  in- 
volution forms.  They  were  first  ob- 
served in  artificial  media  in  1888  by 
Beyerinck,1  and  have  been  studied  by 
Hiltner,2  Stutzer,3  Buchanan,4  Fred,5 
and  others.  A medium  rich  in  carbohydrates  or  the  glucosides  of 
amygdalin  or  salicin  offers  very  favorable  conditions  for  bacteroid 
formation.  Of  fifteen  carbohydrates  tested,  mannite  has  proved  par- 
ticularly suited  to  their  development.  Glycerine  is  better  than  most 
nutrients,  while  the  salts  of  organic  acids  have  been  found  unsuitable. 

On  careful  observation  the  following  factors  have  been  found  to 
exercise  no  influence  upon  bacteroid  formation:  temperature,  light, 
osmotic  pressure,  decreased  oxygen  pressure,  reaction  of  medium,  ni- 
trogen-hunger, specific  formative  materials  in  the  legumes,  and  the  ac- 
cumulation of  metabolic  products.  From  the  above  observation  it  is 
evident  that  nutrition  is  a strong  factor  in  bacteroid  formation. 

It  is  claimed  that  each  of  the  various  legumes  exhibits  a different 
shaped  bacteroid  which  is  characteristic  of  that  legume.  In  studies 
conducted  at  the  Virginia  Experiment  Station  the  bacteroids  pos- 
sessed by  the  Egyptian,  the  crimson,  and  the  red  clover  were  found  to 
be  very  similar,  while  those  of  the  vetch  differed  somewhat.  More 
extended  research  regarding  the  appearance  of  bacteroids  as  connected 
with  the  beginning  of  nitrogen  assimilation,  is  sorely  needed. 

THEORIES  OF  ASSIMILATION,  FIXATION,  AND  IMMUNITY 
Theories  of  Assimilation  by  the  Plant 

In  brief  it  may  be  said  that  the  two  main  suppositions  regarding 
assimilation  are  as  follows : ( 1 ) that  the  bacteroids  are  bodily  absorbed 
by  the  plant  fluids;  and  (2)  that  the  bacteroids,  by  some  sort  of 
change,  produce  the  substance  containing  the  assimilable  nitrogen 
which  the  plant  utilizes. 

The  theory  that  the  plant  absorbs  these  bacteroids  has  been  chal- 
lenged by  some  on  the  evidence  which  Nobbe  and  Hiltner6  produced 

beyerinck:  Bot.  Ztg.  (1888),  46,  725. 

2Hiltner:  Centbl.  f.  Bakt.  2 Abt.  (1900),  6,  273. 

3Stutzer:  Ibid  (1901),  7,  897. 

4Buchanan:  Ibid.  (1909),  23,  59-91. 

BFred:  Yir.  Exp.  Sta.  Ann.  Rpt.  1909-10,  128-198. 

6Nobbe  and  Hiltner:  Centbl.  f.  Bakt.  2 Abt.  (1900),  6,  449. 


Fig.  6. — Bacteroids,  showing 
shape,  and  occurrence  of 
vacuoles 


1915]  A Biochemical  Study  of  Nitrogen  in  Certain  Legumes 


489 


to  show  that  a plant  had  fixed  1 gram  of  nitrogen  while  its  nodules 
weighed  only  .3  gram.  The  relationship  between  the  amount  of  nitro- 
gen fixed  and  the  weight  of  the  nodules  is  no  criterion,  however,  for 
criticism  of  such  a theory,  inasmuch  as  this  relationship  is  not  at  all 
definite  but  varies  according  to  the  development  and  needs  of  the 
plant.  The  failure  to  establish  the  presence  of  a proteolytic  enzyme 
has  also  been  responsible  for  no  little  criticism  of  the  first  supposition. 

While  the  second  supposition  seems  more  plausible,  it  must  be  ad- 
mitted that  it,  too,  is  only  a theory  which  should  be  studied  with  the 
hope  of  isolating  and  identifying  the  diffusible  substance.  In  connec- 
tion with  this  theory  Golding1  conducted  some  very  interesting  experi- 
ments on  the  removal  of  the  products  of  growth  in  the  assimilation  of 
nitrogen  by  legume  bacteria.  He  reasoned  that  the  plant  played  an 
important  role  in  the  removal  of  the  products  produced  by  bacteria 
in  the  nodule  aside  from  the  mere  furnishing  of  suitable  food.  In  his 
experiments  he  used  a porous  Chamberland  filter-candle  placed  in  a 
culture  vessel  to  serve  to  imitate  natural  conditions.  Aerobic  condi- 
tions were  obtained  by  passing  purified  air  thru  the  cultures.  The 
parts  of  the  plants  used  in  some  of  his  experiments  were  sterilized  in 
order  to  avoid  the  possibility  of  plant  enzyme  action.  As  a result  of 
his  method  of  experimentation,  he  obtained  a much  greater  fixation  of 
nitrogen  than  other  experimenters  had  found,  and  the  logical  conclu- 
sion arose  that  the  plant  performs  a function  in  the  assimilation 
of  nitrogen  which  is  construed  to  be  the  removal  of  soluble  products 
of  growth.  The  results  of  Golding’s  most  extensive  experiment  are 
embodied  in  the  table  below: 

N.  in 

grams 


500.0  grams  of  Stems  and  Leaves 2.865 

20.2  grams  of  Roots  and  Nodules  (quite  fresh) 094 

3000.0  cc.  Ammonia-free  Distilled  water 000 

Total  Nitrogen  to  start  with 2.959 

2870.0  ce.  Filtrates  and  Drainings 731 

566.2  grams  of  Wet  Residue 2.570 

To'al  Nitrogen  after  experiment 3.301 

Total  Gain  of  Nitrogen  during  experiment 342 


Theories  Regarding  the  Chemical  Phenomena  of  Fixation 

As  yet,  purely  chemical  theories  of  fixation  are  entirely  hypo- 
thetical ; however,  they  deserve  consideration,  for  even  theories  un- 
supported by  facts  may  have  a value  in  stimulating  thought  and  as- 
sisting in  the  development  of  more  rational  views. 

Frank,2  a prominent  Frenchman,  was  among  the  first  to  attempt 

folding:  Jour.  Agr.  Sci.  (1905),  1,  59-64. 

"Frank:  Landw.  Jahrb.  (1888),  17,  504-518;  19,  564. 
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an  explanation  of  how  the  plant  actually  obtains  nitrogen.  He  be- 
lieved that  it  came  in  thru  the  leaves,  and  even  recently  some  isolated 
statements  hold  to  this  idea.  His  view  was  allied  with  the  conception 
of  stimulation  which  many  held ; namely,  that  the  organisms  on  the 
root  stimulated  the  plant  to  fix  nitrogen  in  its  leaves.  Stocklasa,1  as 
a result  of  his  chemical  investigations,  also  believed  that  assimilation 
took  place  thru  the  leaves, — that  amides  were  first  formed,  and  that 
these,  migrating  to  the  nodules,  reacted  with  glucose  and  produced 
protein,  which  served  as  the  nutrient  medium  for  the  bacteria.  In 
this  connection  he  advanced  the  idea  that  the  bacteria  produced  an 
enzyme  which  enabled  the  plant  to  effect  this  fixation. 

Loew  and  Aso2  in  1908  suggested  that  ammonium  nitrite  was  the 
first  compound  produced,  the  nitrous  acid  being  readily  reduced  to 
ammonia.  Little  evidence  has  been  obtained  to  support  this  theory; 
no  evidence  whatever  has  been  found  under  controlled  conditions. 

Gautier  and  Drouin3  suggested  that  the  nitrogen  is  oxidized  to 
nitric  and  nitrous  acid.  Winogradsky4  has  advanced  the  idea  that  the 
free  nitrogen  in  the  plasma  of  the  organism  may  unite  with  nascent 
hydrogen  and  form  ammonia,  which  by  oxidation  would  become  assimi- 
lable. In  connection  with  the  two  latter  theories,  it  should  be  empha- 
sized that  the  presence  of  nitrites,  nitrates,  or  ammonia  in  the  nodules, 
roots,  or  tops  of  legumes,  inoculated  or  uninoculated,  when  grown  in 
the  entire  absence  of  combined  nitrogen,  has  not  been  established. 

Gerlaeh  and  Vogel5  have  investigated  non-symbiotic  nitrogen 
fixation  and  have  arrived  at  the  conclusion  that  there  is  a direct  union 
of  free  nitrogen  with  some  organic  compound  inside  the  bacterial  cell. 
Heinze6  thinks  it  probable  that  nitrogen  is  at  once  brought  into  com- 
bination with  a hydrocarbon  (glycogen),  and  suggests  that  a salt  of 
carbamic  acid  may  be  formed  first  or  that  carbamic  acid  may  be  pro- 
duced from  cyanamid. 

There  is  yet  another  most  extraordinary  theory  which,  owing  to 
its  somewhat  recent  notoriety,  it  seems  appropriate  to  consider.  This 
theory  is  most  properly  called  the  Jamieson  theory.  The  rather  pecu- 
liar views  embodied  in  it  are  perhaps  quite  well  explained  in  an  article 
published  in  The  Spokesman  Review,  Spokane,  Washington,  March  28, 
1913.  The  Review  is  a bi-weekly  paper  devoted  to  agricultural  inter- 
ests. 

1Stocklasa:  Landw.  Jahrb.  (1895),  24,  827—863. 

2Loew  and  Aso:  Bui.  Col.  Agr.  Tokyo  Imp.  Univ.  (1908),  7,  567. 

3Gautier  and  Drouin:  Bui.  Soc.  Chim.  Paris  78,  84—97. 

4Winogradskv:  Centbl.  f.  Bakt.  2 Abt.  (1901),  7,  842. 

5Gerlach  and  Vogel:  Centbl.  f.  Bakt.  2 Abt.  (1902),  9,  817-821,  881-892; 
(1903)  10,  636-644. 

6Heinze:  Landw.  Jahrb.  (1906),  35,  907. 
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“Do  Plants  Directly  Absorb  Free  Nitrogen  from  the  Air? 

“Scotch  Scientist  is  at  Odds  with  the  Common  Belief 

“The  doctrine  that  plants  directly  absorb  free  nitrogen  from  the  air  con- 
flicts with  the  earlier  beliefs.  It  is  held  that  plants,  with  the  exception  of 
legumes,  cannot  utilize  the  nitrogen  of  the  air,  the  explanation  in  the  case  of 
legumes  being  that  by  the  aid  of  nitrogen  in  organisms  on  their  roots  these 
plants  utilize  atmospheric  nitrogen. 

“Thomas  Jamieson,  Director  of  the  Agricultural  Kesearch  Association  of 
Scotland,  takes  issue  with  this  belief.  Mr.  Jamieson  has  made  a life  study  of 
the  problems  of  plant  nutrition.  An  abstract  of  his  views  is  given  in  the  New 
Zealand  Journal  of  Agriculture.  Mr.  Jamieson  proceeds  to  show: 

“1.  That  the  legume-tubercular  theory  is  untenable. 

“2.  That  the  nitrogen  of  the  air  is  directly  used. 

* 1 3.  That  the  application  of  this  knowledge  is  valuable  to  the  agricul- 
turalist **********. 

“Mr.  Jamieson  disagrees  with  the  theory  that  the  tubercle  formation  on 
leguminous  plants  is  a normal  growth  containing  a net  structure  of  plant  food 
thru  the  union  of  fungus  and  a legume.  He  says: 

“ ‘I  regard  the  tubercles  as  abnormal  growths.  I hold  that  no  “symbiotic” 
action  takes  place;  that  the  fungus  is  not  a fixer  of  the  nitrogen;  that  the 
legume  plant  is  itself  the  fixer,  and  that  it  sends  its  manufactured  albuminous 
products  to  heal  up  the  wound  or  to  counteract  the  drain  of  the  parasitic  fungus ; 
and  that  the  tubercle  has  nothing  to  do  with  the  fixation  of  the  nitrogen  of 
the  air  ****************’ 

“As  to  the  explanation  of  tubercles  of  leguminous  plants  Mr.  Jamieson 
says: 

“ ‘The  plant  being  attacked  by  the  fungus,  a wound  is  made,  the  fluid  of 
the  plant  courses  to  repair  it,  and  not  only  is  the  leguminous  fluid  of  the  plant 
rich  in  nitrogen,  but  its  most  nitrogenous  fluid,  albumen,  is  just  a plastic  material 
like  the  white  of  an  egg,  especially  suited  to  heal  the  wound  and  to  form  a sac 
round  the  invader. 

‘ ‘ ‘ There  is  nothing  exceptional  in  the  bearing  of  tubercles  by  the  legume. 
The  nodules,  or  tubercles,  are  well  displayed.  The  legume  is  a plant  specially 
sought  by  fungus  demanding  nitrogen.  It  is  provided  with  a means  of  supplying 
the  element,  hence  it  is  specially  attacked.  ’ 

“Further  investigations  lead  Mr.  Jamieson  to  the  conclusion  that  nature  pro- 
vides special  means  for  all  plants  to  absorb  nitrogen.  Even  the  hardest  leaves 
are  soft  in  the  earlier  stage.  The  cultivated  members  of  the  legume  family  have 
broad,  soft  leaves  studded  with  apertures,  supposed  to  serve  for  exhalation.  It 
is  accepted  that  the  green  cells  or  the  chlorophyl  contained  by  these  cells  de- 
compose the  carbonic-acid  gas.  Cannot  a similar  action  extend  to  nitrogen? 
**************** 

“The  effect  on  the  soil  of  producing  certain  crops,  as  cereals  and  grasses, 
is  to  reduce  the  available  plant  foods.  Of  these,  in  their  simple  forms,  the  most 
important  supplied  by  fertilizers  are  nitrogen,  phosphorus,  and  potash,  and  of 
these  the  farmer  can  avoid  the  expense  of  the  purchase  of  nitrogenous  manures 
by  the  adoption  of  a rotation  to  include  those  plants  that  are  rich  in  nitrogen. 
This  is  not  new.  Legumes  have  been  availed  of  from  the  earliest  recorded  time 
as  preparatory  to  cereals.  What  is  new  is  that  there  is  a wider  field  of  plants 
for  selection  and  the  farmer  knows  why  these  plants  enrich  the  soil  for  the  ni- 
trogen-demanding cereals.  The  plants,  among  others  mentioned  by  Mr.  Jamieson, 
are  rape,  mustard,  and  turnips.  ” 

The  above  theory  has  received  more  contradiction  and  less  sup- 
port than  the  others  reviewed.1 

'Henry:  Ann.  Sci.  Agron.  (1909),  26,  102-130. 

Vageler:  Centbl.  f.  Bakt.  2 Abt.  (1909),  22,  452. 

Kovessi:  Compt.  Kend.  Acad.  Sci.  (1909),  149,  56. 

Kny:  Ber.  deut.  Bot.  Gesell.  (1909),  27,  532. 

Mameli  and  Pollacci:  Ann.  Sci.  Agron.  (1914),  31,  141. 
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Three  possible  chemical  processes  in  fixation  have  been  consid- 
ered by  scientists: 

1 . Reduction 

2.  Oxidation 

3.  Direct  union  into  an  organic  compound 

The  first  two  possible  processes  have  received  no  chemical  verification, 
while  the  third  is  supported  only  by  data  which  are  of  an  eliminative 
character.  More  data  of  a similar  nature  will  be  found  in  Part  II 
of  the  experimental  section  of  this  bulletin. 

It  is  interesting  to  note  that  opinion  seems  to  be  strengthening 
in  support  of  the  theory  of  the  direct  union  of  nitrogen  gas  into 
organic  combination,  in  spite  of  the  fact  that  such  a combination  is 
unknown  in  chemistry  to  take  place  at  ordinary  temperatures.  It  is 
possible,  however,  to  unite  nitrogen  into  organic  combination  at  at- 
mospheric pressure,  altho  a high  temperature  is  required. 

Theories  op  Immunity 

Reasoning  from  animal  life,  it  seems  logical  for  one  to  believe 
that  the  relative  strength  of  a legume  plant  or  of  B.  radicicola  may 
vary  under  certain  conditions  so  that  the  plant  will  resist  the  entrance 
of  the  organism.  Inoculation  experiments  have  produced  data  show- 
ing that  B.  radicicola  causes  a certain  resistance  on  the  part  of  the 
plant,  making  it  necessary  in  some  cases  to  employ  organisms  of 
greater  efficiency  in  order  to  produce  inoculation. 

Hiltner1  has  given  the  six  following  conditions  as  instances  in 
which  immunity  demonstrates  itself. 

1.  The  organisms  cannot  get  into  the  plant. 

2.  The  organisms  gain  admission  into  the  plant  but  do  not  pro- 
duce nodules  because  the  plant,  by  its  greater  resistance,  absorbs  the 
bacteria. 

3.  The  organisms  enter  the  plant  and  produce  nodules,  but  no 
fixation  of  nitrogen  occurs. 

4.  The  organisms  enter,  produce  nodules,  and  nitrogen  is  fixed 
and  assimilated  by  the  plant. 

5.  The  organisms  are  so  efficient  in  comparison  with  the  plant 
that  the  latter  is  injured. 

6.  The  organisms  are  parasitic  and  the  plant  is  actually  killed. 

In  the  pursuance  of  the  investigations  reported  in  this  bulletin 
no  indication  of  the  existence  of  any  of  these  conditions,  except  No. 
4,  was  observed,  and  in  no  instance  under  normal  conditions  did  in- 
oculation fail  to  produce  nodules  and  cause  a fixation  and  an  assimi- 
lation of  nitrogen. 


^afar:  Handbuch  der  technischen  Mykologie  (1904-6),  3,  45. 
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Various  other  similar  theories  of  resistance  have  been  proposed,  all 
of  which  are  permeated  with  the  idea  of  natural  or  acquired  immunity. 
Prominent  among  these  might  be  mentioned  Siichtung’s  theory  of 
equilibrium.1  Suchtung  assumed  that  the  bacteria  produced  a toxin 
and  the  plant  an  antitoxin,  and  that  the  degree  of  equilibrium  deter- 
mined the  extent  of  nodule  formation,  the  plant  becoming  immunized 
by  an  antibody  and  not  by  a substance  produced  by  the  bacteria; 
further,  that  the  nitrogen  supply  in  the  plant  was  regulated  by  the 
production  of  this  antibody.  It  is  conceivable  that  in  some  of  the  cases 
observed  the  apparent  immunity  may  have  been  due  to  a weakness  on 
the  part  of  the  bacteria  rather  than  to  resistance  by  the  plant.  Siich- 
tung’s  equilibrium  theory  considers  varying  conditions  of  virulence  on 
the  part  of  the  bacteria  and  varying  degrees  of  resisting  ability  by  the 
plants.  His  theory  was  advanced  as  the  result  of  carefully  conducted 
experiments  which  showed  that  there  were  variations  in  virulence 
between  organisms  of  the  same  kind  when  grown  upon  artificial  media 
and  when  obtained  from  fresh  nodules. 

The  inoculation  of  legumes  in  solution  is  inhibited  by  potassium 
nitrate,  tho  a convincing  explanation  of  this  inhibition  has  not  yet 
been  offered.  Some  experimenters  believe  that  the  immunity  of  a 
plant  is  strengthened  by  its  nitrogen  nutrition;  others  hold  that 
bacteria  find  another  source  of  nitrogen  nutrition  in  the  nitrate  and 
hence  do  not  seek  the  plant.  It  has  been  recently  shown,  however, 
that  the  organism  will  produce  nodules  after  the  concentration  of  the 
nitrate  has  been  reduced  by  the  plant,  which  would  tend  to  show  that 
the  immunity  of  a plant  is  not  strengthened  and  that  the  organism, 
is  not  permanently  injured  by  a solution  of  potassium  nitrate  suit- 
able for  the  plant. 

Inoculation  under  field  conditions  is  no  doubt  inhibited  by  physi- 
cal and  antagonistic  biological  factors,  which  have  been  considered 
only  briefly  by  most  investigators. 

The  subject  of  immunity  in  plants  has  been  given  little  attention 
thus  far,  but  the  increasing  number  of  bacterial  diseases  in  the  plant 
kingdom  will  undoubtedly  lead  to  research  in  this  direction.  It  is  well 
known  that  bacterial  diseases  of  plants  are  the  most  difficult  to  control ; 
the  need  of  investigation  in  this  unexplored  field  of  immunity  as  an 
aid  in  their  control  is  imperative. 

PRACTICAL  CONSIDERATIONS  WITH  REGARD  TO 
LEGUME  FIXATION 

Mutual  Symbiosis 

Mutual  symbiosis  may  be  defined  as  the  contiguous  association  of 
two  or  more  morphologically  distinct  organisms  not  of  the  same  kind, 


^iiehtung:  Centbl.  f.  Bakt.  2 Abt.  (1904),  11,  377. 
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resulting  in  an  acquisition  of  assimilated  food  substances.  It  implies 
that  the  organisms  concerned  have  the  power  of  independent  exist- 
ence, but  that  both  are  benefited  by  the  close  association. 

The  relationship  existing  between  B.  radicicola  and  legumes  is 
one  of  mutual  symbiosis.  The  facts  which  bear  out  this  belief  are  too 
convincing  to  need  explanation.  However,  some  prefer  to  call  the  re- 
lationship a trqly  parasitic  condition,  while  others  consider  it  to  be 
parasitic  in  the  beginning  and  later  a true  mutual  symbiosis.  This 
latter  conception  would  seem  to  be  plausible,  yet  no  exact  data  have 
been  produced  to  show  that  a parasitic  condition  exists  at  any  stage.1 

The  result  of  this  mutual  symbiosis  is  wonderfully  characteristic 
of  nature  as  well  as  astounding  when  one  considers  the  corresponding 
chemical  process,  in  which  the  energy  expended  is  so  apparent  and  the 
temperature  required  so  high.2  The  energy  values  in  the  symbiotic 
fixation  of  nitrogen  by  B.  radicicola  and  legumes  have  never  been  de- 
termined. When  B.  radicicola  and  Azotobacter  are  grown  under  simi- 
lar conditions,  apart  from  their  respective  hosts,3  less  organic  carbon 
per  unit  of  nitrogen  fixed  is  oxidized  by  B.  radicicola  than  by  Azoto- 
bacter. Present  knowledge  indicates  that  a very  great  amount  of 
energy  is  necessary  for  the  fixation  of  atmospheric  nitrogen  by  Azoto- 
bacter. 

Table  1 presents  the  amounts  of  some  of  the  common  materials 
that  must  undergo  rather  complete  oxidation  in  order  to  furnish  suf- 
ficient energy  for  the  addition  of  fifteen  pounds  of  atmospheric  nitro- 
gen to  the  surface  soil  of  an  acre  by  Azotobacter.  The  figures  show 
that  in  the  case  of  dextrose  66%  times  as  much  organic  matter  is  re- 


Table  1. — Amounts  of  Materials  Necessary  for  the  Fixation  of  Fifteen 
Pounds  of  Atmospheric  Nitrogen  per  Acre  by  Azotobacter 


Kind  of  material 

Pounds  required 

Dextrose  (sugar) 

1 0001 

Fresh  clover  tops 

1 212 

Fresh  lupine  tops 

2 000 

Wheat  straw 

4 300 

Corn  stover 

5 500 

Oak  leaves 

11  500 

1This  figure  represents  the  minimum  amount  of  dextrose  consumed  per  unit 
of  nitrogen  fixed;  in  other  words,  1 gram  of  dextrose  (yielding  3,750  calories) 
is  necessary  for  the  fixation  of  15  milligrams  of  atmospheric  nitrogen  by  Azoto- 
bacter. 


Experiments  are  now  in  progress  at  this  station  with  the  view  of  obtaining 
data  on  this  question. 

2The  most  recent  figures  show  that  1 kilowatt  hour  yields  70  grams  of  nitrogen 
in  the  form  of  cyanamid;  in  other  words,  1.35  horse-power  yields  70  grams,  or 
8.74  horse-power  per  hour  yields  1 pound  of  nitrogen. 

3Algae  are  understood  as  the  host  for  Azotobacter.  The  word  host  as  used 
in  this  publication  is  not  intended  to  convey  the  idea  of  parasitism. 
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quired  as  there  is  nitrogen  fixed,  and  in  the  case  of  oak  leaves,  766 
times  as  much.  In  the  oxidation  of  such  large  amounts  of  organic 
carbon  it  is  easily  seen  that  the  volume  of  organic  matter  in  the  soil  is 
greatly  reduced. 

It  has  been  definitely  shown  that  Azotobacter  lives  in  a symbiotic 
relationship  with  algae.  It  is  also  well  known  that  our  normal  soils 
possess  an  abundant  algal  flora.  In  view  of  these  two  facts  it  may 
possibly  be  found  that  nitrogen  is  accumulated  by  Azotobacter  with- 
out the  above  reduction  in  the  volume  of  the  organic  matter  of  the  soil. 

Whatever  the  future  may  disclose,  the  only  fact  that  now  re- 
mains to  be  pointed  out  is  that  in  the  symbiosis  between  legumes  and 
B.  radicicola , instead  of  there  being  a decrease  in  the  organic  matter 
of  a soil,  a material  increase  is  bound  to  result.  While  fixation  pro- 
gresses, organic  matter  is  being  manufactured  by  the  plant,  which  is 
later  returned  to  the  soil.  This  process  is,  then,  a constructive  one,  as 
compared  with  the  destructive  non-symbiotic  fixation. 

Amount  of  Nitrogen  Fixed  per  Acre  per  Year 

The  amount  of  nitrogen  added  to  a soil  depends  in  part  upon  the 
relative  supply  of  that  element  in  the  soluble  and  decomposable  forms, 
organic  as  well  as  inorganic.  The  poorer  the  soil  the  greater  the 
amount  of  nitrogen  that  will  be  fixed,  tho  in  a rich  soil  in  which  the 
nitrogen  is  not  in  an  available  form,  large  amounts  may  be  fixed. 
For  instance,  altho  a peat  soil  contains  in  one  acre  some  thirty 
thousand  pounds  of  nitrogen  in  the  surface  million  pounds  (0  to  6% 
inches),  yet  because  of  a lack  of  proper  organisms  in  the  soil  to 
decompose  the  organic  matter,  which  resists  natural  decay  and  there- 
fore does  not  readily  furnish  nitrogen  to  plants,  a legume  crop  may 
add  large  amounts  of  that  element. 

Where  nitrates  are  present  in  large  amounts,  they  are  taken  up 
by  legumes ; but  where  they  are  present  in  only  small  amounts,  as  is 
the  case  during  dry  seasons  even  on  the  common  prairie  corn-belt  land, 
atmospheric  nitrogen  is  fixed  by  legumes.  The  fixation  varies  with 
the  seasonal  conditions,  a hot,  moist  season  being  best  suited  to  the 
summer  legumes.  Among  other  factors  the  kind  of  legume  and  the 
duration  of  its  growing  period  affect  the  amount  of  nitrogen  added. 
The  annual  legumes  must  necessarily  fix  nitrogen  much  faster  than 
the  biennial  or  perennial  legumes.  The  yield  does  not  necessarily  in- 
dicate the  amount  of  fixation,  as  some  legumes  which  yield  much  less 
hay  and  seed  than  others  may  have  a greater  total  nitrogen  content. 

The  most  reliable  data  which  now  exist  indicate  that  two-thirds 
of  the  nitrogen  in  legumes  grown  on  soils  of  normal  productive  power 
is  obtained  from  the  air.1  These  figures,  contributed  by  the  Illinois 


^Iopkins:  111.  Agr.  Exp.  Sta.  Buis.  76  and  94. 
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Experiment  Station,  were  obtained  by  analyzing  inoculated  and  unin- 
oculated legumes  from  like  areas  of  normal  soils,  and  as  a result  of  pot 
experiments.  Computed  by  these  data,  a 3-ton  crop  of  cowpea  hay 
adds  86  pounds  of  nitrogen  per  acre,  a 25-bushel  crop  of  soybeans 
with  2!/4  tons  of  straw  adds  106  pounds,  a 4-ton  clover  crop  adds  106 
pounds,  and  a 4-ton  alfalfa  crop  adds  132  pounds. 

A nitrogen  gain  of  200  pounds  per  acre  has  been  reported  by  the 
New  Jersey  Experiment  Station1  with  crimson  clover.  At  the  Rhode 
Island  Experiment  Station,2  as  a result  of  a pot-culture  experiment,  it 
was  found  that  nitrogen  had  been  added  at  the  rate  of  400  pounds  per 
acre  per  year.  This  experiment  extended  over  five  years,  and  legumes 
were  grown  both  in  the  summer  and  in  the  winter.  The  tops  of  the 
summer  legumes  (cowpeas  and  soybeans)  were  removed  from  the  soil, 
while  the  winter  legume  (vetch)  was  turned  back  into  the  soil.  It 
should  be  noted,  however,  that  an  acre  of  this  soil  to  a depth  of  6% 
inches  contained  only  a little  over  three  thousand  pounds  of  nitrogen. 
Moreover,  in  this  experiment  optimum  conditions  were  established, 
and  no  losses  were  possible  from  drainage, — which  factors  would  tend 
to  make  these  results  much  higher  than  would  be  obtained  under  field 
conditions. 

In  considering  soil  enrichment  by  clover,  ten  years’  results  of  a 
field  experiment  at  the  Experimental  Farms,  Ottawa,  Canada,3  are 
important.  In  this  experiment  a light,  sandy  loam  with  a sandy  sub- 
soil was  planted  to  clover  continuously,  being  reseeded  every  two 
years.  The  clover  was  cut  and  left  to  decay  on  the  land.  In  ten 
years  the  nitrogen  content  of  this  soil  was  doubled.  The  yearly  gain 
of  nitrogen  was  fifty  pounds  per  acre.  It  was  found  that  from  two 
to  three  times  that  amount  was  added,  but  that  all  but  fifty  pounds 
was  dissipated  by  bacterial  activities  and  in  other  natural  ways. 
Analyses  of  the  clover  crop  also  brought  out  the  fact  previously  men- 
tioned that  the  amount  of  nitrogen  fixed  is  influenced  in  part  by  the 
season. 


Value  of  Legumes  as  Nitrogen  Retainers 

Legumes  have  a very  great  value  aside  from  their,  role  in  the 
nitrogen-fixing  process.  It  is  well  known  that  they  require  more 
nitrogen  for  their  growth  than  other  ordinary  farm  crops,  and  that 
they  therefore  contain  more  of  it  per  ton.  It  seems  very  appropriate, 
therefore,  to  select  legumes  for  such  purposes  as  holding  soil  from 


aN.  J.  Agr.  Exp.  Sta.  Rpt.  1894,  158. 

2R.  I.  Agr.  Exp.  Sta.  Bui.  152. 

Experimental  Farms,  Ottawa,  Rpt.  1912,  145. 
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washing  and  preventing  sands  from  shifting,  for  not  only  do  they 
serve  these  purposes  well,  but  at  the  same  time  they  conserve  rela- 
tively more  nitrates  from  loss  than  non-legumes.  Of  course  a con- 
dition might  occur  in  which  a legume  would  draw  all  its  nitrogen 
from  the  soil,  but  even  in  such  a case  a legume  would  be  preferable 
to  a non-legume,  as  by  its  use  relatively  more  nitrogen  would  be  kept 
from  leaching  and  so  saved  for  future  crops. 

Cross-Inoculation 

There  are  relatively  few  cases  of  cross-inoculation  that  have  been 
definitely  determined  as  occurring  under  natural  conditions.  The 
most  important  example  is  the  cross-inoculation  that  takes  place  be- 
tween the  sweet  clovers  and  alfalfa.  Bur  clover  ( Medicago  lupu- 
lina)  is  another  source  of  inoculation  for  alfalfa.  The  wild  vetches 
serve  for  inoculation  of  the  cultivated  vetches.  It  would  seem  that 
many  such  cases  may  exist  in  which  the  wild  specie  of  a legume  con- 
tains the  organism  for  the  inoculation  of  the  cultivated  legume  of  the 
same  specie  or  even  of  an  entirely  different  specie  or  genera.  Inves- 
tigations along  this  line  have  not  been  carefully  undertaken  as  yet. 

It  has  been  possible  under  laboratory  conditions  to  cross-inocu- 
late  in  many  different  ways.  The  data  furnished  by  Laurent,  re- 
ferred to  in  an  earlier  part  of  this  publication  (page  485),  together 
with  that  furnished  by  Moore,  Kellerman  and  Leonard,  and  others, 
is  of  interest.  Laurent  produced  nodules  on  the  pea  with  the  organ- 
isms from  thirty-six  different  species  of  legumes.  Moore1  produced 
nodules  on  many  legumes  with  the  pea  organism,  among  which  were 
crimson  clover  ( Trifolium  incarnatum),  white  clover  ( Trifolium  re- 
pens),  red  clover  ( Trifolium  pratense),  berseem  ( Trifolium  Alexan- 
drinum),  alsike  ( Trifolium  hybridium) , sweet  clover  ( Melilotus  alba), 
cowpea  (Vigna  catjang) , alfalfa  ( Medicago  saliva) , broad  bean  ( Vicia 
faba),  common  bean  ( PJiaseolus  vulgaris),  fenugreek  ( Trifolium  foe- 
num  graecum),  hairy  vetch  (Vicia  villosa),  scarlet  vetch  ( Vicia  ful- 
geus),  and  yellow  vetch  (Vicia  lutea).  The  results  published  by 
Kellerman  and  Leonard  represent  the  extreme  in  cross-inoculation  at 
the  present  time.  It  will  be  recalled  that  they  have  reported  the 
inoculation  of  the  soybean,  the  lupine,  and  alfalfa  with  an  organism 
originally  obtained  from  alfalfa  nodules,2  altho  it  has  been  quite 
generally  believed  that  the  soybean  was  representative  of  a special 
class  as  regards  its  inoculation,  and  the  same  can  be  said  regarding 
the  lupine.  Legumes  may  be  grouped  as  follows  according  as  their 

Poorer  U.  S.  Dept.  Agr.  Bur.  Plant  Indus.  Bui.  71. 

2See  page  485,  note  6. 
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bacteria  are  interchangeable  for  the  purposes  of  inoculation: 

Group  1 Alfalfa,  sweet  clovers,  bur  clover, 
black  medick 
’*  2 All  true  clovers 

1 ’ 3 Cowpea,  partridge  pea 

’ ’ 4 Soybean 

’ ’ 5 Bean 

” 6 Peas  (garden  and  field),  vetches  (cultivated 

and  wild),  sweet  peas,  lentils 
’ ’ 7 Lupines 

” 8 Sanfoin 

’ ’ 9 Locust 

Nobbe,  Hiltner,  and  Schmid1  obtained  inoculation  and  nitrogen 
fixation  with  the  locust  and  vetch  cross-inoculated  with  each  other  and 
with  pea  bacteria,  as  shown  below : 

Inoculated  with  Locust  Vetch  Pea-bacteria 

Nitrogen  Locust  (Robina)  232.1  13.5  21.2 

assimilated  Vetch  (Vicia)  12.9  264.0  22.6 

Some  prefer  to  divide  the  legume  bacteria  into  two  classes  accord- 
ing to  the  beneficial  or  detrimental  effect  produced  by  lime  upon  the 
legume.  In  this  classification,  alfalfa  would  represent  one  type  and 
serradella  the  other. 

The  question  of  cross-inoculation  is  far  from  settled.  It  is  easily 
seen  that  a great  many  interesting  problems,  aside  from  the  purely 
scientific  studies  of  the  laboratory,  are  presented  for  the  soil  biologist 
in  the  pursuance  of  this  field  of  research. 

Associative  Growth  of  Legumes  and  Non-Legumes 

The  associative  growth  of  legumes  and  non-legumes  has  been 
given  renewed  notoriety  in  recent  publications.  Practical  observa- 
tions of  long  standing  have  indicated  that  a non-legume  benefits  by  the 
presence  of  a legume  during  the  second  year  of  its  growth — as  might 
reasonably  be  anticipated.  The  proof  of  a benefit  by  association  dur- 
ing the  first  season  is  not  sufficiently  established  for  a generalization, 
for  errors  in  sampling,  in  methods  of  experimentation,  and  other  un- 
favorable conditions  have  crept  in  and  overshadowed  the  full  value  of 
the  data  reported. 

The  problem  of  associative  growth  involves  many  details  that 
must  be  further  studied.  The  stimulation  caused  by  the  struggle  for 
existence  in  association  may  increase  the  height  of  the  crops  or  the 
amount  of  the  organic  matter  produced,  yet  not  necessarily  the  nitro- 
gen content.  In  the  work  under  observation  at  this  station,  it  appears 
that  the  nitrogen  which  is  returned  to  the  soil  as  the  nodule  sloughs 
off  could  hardly  be  utilized  by  an  ordinary  annual  non-legume  crop. 
It  is  yet  to  be  determined  whether  either  the  legume  itself  or  its 


^Nobbe,  Hiltner,  and  Schmid:  Landw.  Vers.  Stat.  (1894),  45,  12. 
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nodules  exude  nitrogenous  compounds  during  their  active  period  of 
growth. 

CHEMICAL 

The  chemical  composition  of  legumes  from  the  standpoint  of  their 
nitrogenous  constituents  has  been  investigated  to  some  extent,  but  the 
studies  closely  related  to  this  point  are  relatively  few.  The  follow- 
ing data  are  very  general  in  character  and  relate  to  studies  concern- 
ing the  total  nitrogen  content  of  the  different  parts  of  legumes  at  dif- 
ferent periods  of  growth.  Studies  upon  some  of  the  various  nitroge- 
nous compounds  are  also  included. 

In  1895  Stocklasa,1  working  with  lupines  ( Lupinus  luteus 
and  Lupinus  augustifolius) , found  that  the  nodules  were  richest  in 
the  element  nitrogen  at  the  time  of  blooming,  while  the  roots  appeared 
to  be  richest  in  that  element  at  the  fruiting  period.  His  results  are 
given  in  Table  2.  The  figures  for  the  nodules  indicate  that  the  nitro- 
gen is  either  taken  up  by  the  plant  for  seed  production  or  diffused 
into  the  soil. 

Table  2. — Total  Nitrogen  in  Lupinus  Luteus:  Results  Obtained 

by  Stocklasa 

(Percentage  on  dry  basis) 


Period 

Roots 

Nodules 

Blooming 

1.64 

5.22 

Fruiting 

1.84 

2.61 

Maturity 

1.42 

1.73 

Stocklasa  also  determined  protein,  amides,  and  asparagine  in  lu- 
pine nodules.  The  protein  was  obtained  by  the  Stutzer  method,  the 
amides  by  the  Kjeldahl  method,  and  the  asparagine  by  calculation 
from  the  ammonia  obtained  by  distillation  with  magnesium  oxid. 
Table  3 shows  his  results. 

Table  3. — Nitrogen  Compounds  in  Lupine  Nodules:  Results  Obtained 

by  Stocklasa 

(Percentage  on  dry  basis) 


Period 

Protein 

Amides 

Asparagine 

Blossoming 

3.99 

.35 

.34 

Maturity 

1.54 

.15 

Trace 

The  presence  of  asparagine  in  the  nodule  is  important,  as  it  is 
thought  to  be  intimately  related  with  the  formation  of  protein. 

In  1901  Wassilieff2  studied  the  nitrogen  compounds  in  white 
lupine  ( Lupinus  alba)  seeds  and  seedlings.  He  found  that  the  seeds 
contained  7.68  percent  of  total  nitrogen;  and  that  of  this,  6.89  percent 
was  in  the  form  of  protein  and  .53  percent  was  precipitated  by  phos- 

"Stocklasa:  Landw.  Jahrb.  (1895),  24,  827-863. 

2Wassilieff:  Landw.  Vers.  Stat.  (1901),  55,  45-77. 
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photungstic  acid,  leaving  a difference  of  .26  percent,  asparagine.  The 
occurrence  of  asparagine  in  large  amounts  in  the  seedlings  is  shown 
by  the  data  given  in  Table  4. 


Table  4. — Nitrogen  Compounds  in  Fourteen-Day-Old  Green  Seedlings  of 
White  Lupines:  Results  Obtained  by  Wassilieff 

(Expressed  in  percentage  on  dry  basis) 


Parts 

P.  T.  A.1 
nitrogen 

Asparagine 

Protein 

Total 

nitrogen 

Leaves 

.53 

1.45 

4.11 

6.57 

Cotyledons 

.63 

3.83 

2.44 

7.83 

Stems 

.42 

4.57 

1.56 

6.77 

Roots 

.46 

2.20 

1.87 

5.40 

JP.T.A. : This  abbreviation  for  phosphotungstic  acid  will  be  used  thruout 

this  publication. 


Wassilieff  also  demonstrated  the  presence  of  leucine  and  tyrosine 
in  the  cotyledons  of  one-week-old  seedlings  of  white  lupines.  These 
and  other  amino  acids  would  be  expected  to  be  present  when  the  pro- 
tein of  the  seed  is  breaking  down  for  the  nutrition  of  the  seedling. 

Knisely1  analyzed  the  leaves,  pods,  stems,  roots,  and  nodules  of 
lupine  plants  for  total  nitrogen  at  three  distinct  periods  of  develop- 
ment. His  results  show  better  than  the  others  presented  where  the 
nitrogen  accumulates  as  the  plant  matures. 


Table  5. — Total  Nitrogen  in  Lupines:  Results  Obtained  by  Knisely 
(Expressed  in  percentage  on  dry  basis) 


Period 

Leaves 

Pods 

Stems 

Roots 

Nodules 

Full  bloom 

4.02 

3.07 

1.15 

.92 

5.17 

Pods  well  formed 

3.70 

3.38 

.88 

.83 

4.29 

Pods  very  large 

3.41 

3.68 

.90 

.66 

3.70 

Schulze  and  Barbieri2  examined  lupine  and  soybeans  seeds  and 
seedlings  for  nitrogen  and  obtained  the  results  shown  in  Table  6. 


Table  6. — Nitrogen  in  Lupine  and  Soybean  Seeds  and  Seedlings:  Results 
Obtained  by  Schulze  and  Barbieri 

(Expressed  in  percentage  on  dry  basis) 


Material 

Total 

nitrogen 

Protein 

P.T.A. 

nitrogen 

Filtrates 
from  P.T.A. 

Lupine  seeds 

8.63 

8.17 

.24 

.22 

Soybeans 

6.73 

6.32 

.13 

.28 

Lupine  dark  seedlings 
11  to  12  days  old 

10.64 

3.40 

1.60 

5.64 

Lupine  dark  seedlings 

12  days  old 

10.51 

2.33 

2.17 

6.01 

Soybean  seedlings 

15  days  old 

7.42 

3.86 

.56 

3.00 

1Knisely:  Ore.  Agr.  Exp.  Sta.  Rpt.  1909,  30-31. 

2Schulze  and  Barbieri:  Landw.  Vers.  Stat.  (1881),  26,  241. 
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They  also  found  a large  amount  of  asparagine  in  both  the  lupine 
and  the  soybean  seedlings. 

Schulze1  has  made  a careful  study  of  the  compounds  in  plants, 
and  has  formulated  the  hypothesis  that  the  same  decomposition 
products  arise  from  protein  in  the  plant  as  outside  it,  but  that  in 
the  plant  the  compounds  are  further  altered,  thereby  affecting  in 
varying  degree  the  individual  products  of  the  hydrolytic  decomposi- 
tion. A comparison  of  the  analyses  of  pea  seedlings  one  week  old 
and  those  three  weeks  old  showed  the  following  differences : 


Leucine  Tyrosine  Arginine  Asparagine 

1 week abundant  little  present  absent 

3 weeks much  less  absent  almost  absent  very  abundant 


Arginine  and  amido  acids  were  shown  to  be  present  in  the  lupine 
cotyledons,  but  asparagine  was  absent,  altho  the  latter  substance  was 
found  in  the  stem  of  the  seedling.  It  has  been  suggested  that  the  oc- 
currence of  asparagine  is  associated  with  the  disappearance  of  amido 
acids  and  not  of  protein.  Phenyl  alanine,  tyrosine,  and  tryptophane 
have  been  reported  in  the  white  lupine  ( Lupinus  alba ),  tyrosine  and 
tryptophane  in  vetch  ( Vida  sativa),  and  tryptophane  in  the  garden 
pea  ( Pisum  sativum).2 

Smith  and  Robinson3  found  4.19  percent  of  nitrogen  in  soybean 
nodules  and  3.90  percent  in  cowpea  nodules.  They  observed  that  inocu- 
lation increased  the  protein  content  of  soybean  plants  without  in- 
creasing the  yield  of  beans.  This  has  been  noted  by  other  experi- 
menters. 

Hopkins4  has  reported  the  analyses  of  cowpea  plants  for  total 
nitrogen  with  and  without  inoculation.  The  nodules,  roots,  and  tops 
were  analyzed  separately,  as  will  be  seen  by  reference  to  Table  7. 


Table  7. — Nitrogen  Fixation  by  Cowpeas:  Results  Obtained  by  Hopkins 

(Expressed  in  cgs.) 


Treatment 

Tops 

Roots 

Nodules 

Nitrogen 

fixed 

Ten  plants  with  bacteria 

146 

9 

11 

125 

Ten  plants  without  bacteria 

38 

3 

Ten  plants  with  bacteria 

171 

10 

18 

iio 

Ten  plants  without  bacteria 

55 

4 

• • • 

Ten  plants  with  bacteria 

143 

8 

17 

124 

Ten  plants  without  bacteria 

40 

4 

. . 

. . . 

Schulze:  Zeits.  f.  Physiol.  Chem.  (1895),  24,  18;  30,  241. 

2Schulze  et  al:  Zeits.  f.  Physiol.  Chem.  (1887),  11,  43;  (1906),  48,  387,  396; 

(1910),  65,  431. 

Gorup  Besamez:  Ber.  deut.  Chem.  Gesell.  (1887),  10,  781. 

3Smith  and  Robinson:  Mich.  Agr.  Exp.  Sta.  Bui.  224,  125-132. 

4Hopkins:  111.  Agr.  Exp.  Sta.  Bui.  94,  319. 


502 


Bulletin  No.  179 


[March, 


The  inoculated  plants  contained  a much  greater  percentage  of 
nitrogen  than  the  uninoculated,  the  average  content  of  the  inoculated 
being  4.24  percent  in  the  tops,  1.48  percent  in  the  roots,  and  5.92  per- 
cent in  the  nodules,  while  the  average  content  of  the  uninoculated  was 
2.48  percent  in  the  tops  and  .88  percent  in  the  roots. 

The  ash  and  the  ash  constituents  of  the  nodules  and  the  roots  of 
lupines  have  been  determined  by  Stocklasa,1  as  presented  in  Table  8. 
The  total  ash  of  the  nodules  was  found  to  be  6.32  percent,  while  that 
of  the  roots  was  found  to  be  4.55  percent. 

Table  8. — Ash  Constituents  in  Lupine  Nodules  and  Roots: 
Results  Obtained  by  Stocklasa 


(Expressed  in  percentage) 


Constituents 

Nodules 

Roots 

Si 

1.59 

1.90 

S 

4.90 

6.38 

P 

6.51 

4.28 

K 

17.31 

12.05 

Na 

16.94 

19.94 

Mg 

7.41 

7.05 

Ca 

7.64 

12.04 

Fe 

.83 

.75 

The  analyses  of  red-clover  nodules  show  a potassium  content  of 
2.63  percent  in  the  dry  matter.2  The  nodules,  therefore,  are  rela- 
tively rich  in  mineral  elements  as  well  as  nitrogen  compounds;  and 
Stocklasa ’s  results  (see  Table  8)  show  that  the  chief  differences 
between  the  roots  and  the  nodules  in  the  composition  of  the  ash 
constituents  are  in  phosphorus,  potassium,  calcium,  and  sodium. 
The  nodules  are  richer  in  the  first  two  elements  and  the  roots  in  the 
latter  two.  The  differences  in  nitrogen  content  of  the  various  parts  of 
the  plant  have  already  been  brought  out  somewhat,  but  they  will  be 
dealt  with  more  fully  in  the  results  presented  under  the  experimental 
portion  of  this  bulletin.  The  presence  of  the  bacteria  would  in  itself 
be  sufficient  to  account  for  these  differences. 

In  brief,  the  chemical  data  which  have  been  considered,  altho 
small  in  amount,  show  the  relative  richness  in  nitrogen  of  the  nodule 
as  compared  with  other  parts  of  the  plant.  They  point  to  the  accumu- 
lation of  nitrogen  in  the  seeds,  at  the  expense  of  the  other  parts,  as 
the  plant  matures.  That  the  nitrogen  exists  in  the  form  of  protein, 
asparagine,  and  other  soluble  forms,  is  also  clear.  The  presence  of 
various  aliphatic  and  carbocyclic  amino  acids  has  been  mentioned. 


stocklasa:  Landw.  Jahrb.  (1895),  24,  827-863. 

-’Analyzed  by  Aumer,  111.  Agr.  Exp.  Sta.  (unpublished  data). 
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EXPERIMENTAL 
Plan  of  Investigations 

The  experimental  studies  herein  reported  are  for  convenience  di- 
vided into  two  parts.  Part  I consists  of  studies  made  in  order  to  de- 
termine thru  which  organs  legumes  obtain  their  nitrogen  from  the  air. 
Part  II  is  concerned  with  an  attempt  to  determine  more  definitely  the 
mechanism  of  the  reactions  occurring  in  the  fixation  and  assimilation  of 
atmospheric  nitrogen  by  B.  radicicola  and  legumes,  a process  concern- 
ing which  science  is  greatly  in  the  dark.  This  phase  of  the  problem  has 
attracted  the  attention  of  plant  physiologists,  physiological  chemists, 
and  other  scientists  outside  the  field  of  agricultural  research.  No  les- 
ser chemist  than  Emil  Abderhalden1  has  written  concerning  it  as  fol- 
lows: “It  would  be  very  interesting  to  know  the  compounds  into 

which  these  organisms  convert  the  nitrogen.  At  present  we  have  no 
knowledge  of  this.  We  assume  that  the  final  substance  produced  is 
protein,  which  is  then  in  part  assimilated  by  the  plants  with  the  help 
of  fermentation.  ’ ’ Any  light  which  may  be  thrown  on  this  question 
will  be  of  great  value  toward  its  final  solution. 

PART  I 

STUDIES  TO  DETERMINE  THRU  WHICH  ORGAN  LEGUMES  OBTAIN 
ATMOSPHERIC  NITROGEN 

For  a long  time  it  was  believed  that  the  nitrogen  fixed  by  legume 
bacteria  and  assimilated  by  the  plant  was  obtained  thru  the  leaves,  and 
even  now  many  hold  to  this  belief.  Frank  and  Otto2  in  1890  obtained 
analytical  results  which  seemed  to  them  to  be  proof  of  this  theory. 
They  believed  that  the  bacteria  were  only  incidentally  connected  with 
the  process,  acting  perhaps  as  stimuli. 

The  first  experiment  resulting  in  data  of  a contradictory  nature 
was  made  by  Kossowitsch3  in  1891,  but  the  results  of  this  investigation 
were  not  generally  accepted.  Nobbe  and  Hiltner4  in  1899  added  fur- 
ther evidence  to  the  existing  knowledge,  but  their  conclusions,  drawn 
from  physiological  differences,  have  not  been  substantiated  by  chemi- 
cal data,  which  seem  more  reliable  than  those  of  a physiological  nature. 

Abderhalden:  Physiological  Chemistry,  Trans,  by  Hall,  198. 

"Frank  and  Otto:  Ber.  deut.  Bot.  Gesell.  (1890),  8,  331. 

"Kossowitsch:  Bot.  Ztg.  (1892),  50,  697-702,  713-723,  729-738,  745-755, 
771-774. 

4Nobbe  and  Hiltner:  Landw.  Vers.  Stat.  (1899),  52,  455-465. 
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Plate  IV. — Cowpea  Seedlings  in  Preparation  for  Gas  Experiments 
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Experiments  on  this  question  were  conducted  by  the  author  in 
1911-1912.  The  general  plan  was  the  same  thruout  each  experiment ; 
the  various  modifications  are  considered  under  the  individual  experi- 
ments. 

General  Plan  of  Experiments 

The  plants  used  were  the  soybean  and  the  cowpea.  Uniform  seeds 
were  carefully  selected  and  inoculated  with  an  infusion  placed  directly 
in  contact  with  them.  They  were  then  planted  in  beakers  containing 
nitrogen-free  white  sand.  Mineral  plant  food  was  added  in  solution. 
When  the  seedlings  had  developed  two  leaves  and  possessed  small  nod- 
ules, they  were  carefully  washed  from  the  sand  and  transferred  to 
the  apparatus. 

The  apparatus1  was  arranged  as  follows:  Woulfe  bottles,  placed 
inside  battery  jars  painted  black  in  order  to  obviate  the  influence  of 
light,  were  connected  with  drier  bottles,  which  in  turn  were  connected 
with  a gasometer.  An  outlet  tube  from  each  bottle  was  provided, 
the  external  end  of  which  was  immersed  in  water.  In  the  first  ex- 
periment two  Woulfe  bottles  were  used  and  in  the  others  six.  Sterile 
nitrogen-free  sand  containing  calcium  carbonate  was  placed  in  the 
Woulfe  bottles  and  the  young  seedlings  carefully  transplanted,  one 
to  each.  The  plants  were  then  sealed  gas-tight  by  means  of  rubber 
tissue  placed  double  thick  about  the  stem.  Rubber  cement  was  also 
used  to  make  all  joints  tight. 

Plant  food,  with  the  exception  of  nitrogen  and  calcium,  was  added 
in  solution.  This  solution  was  sterilized,  boiled,  and  cooled  just  pre- 
vious to  its  being  used  in  order  to  prevent  the  addition  of  absorbed 
gases.  The  plant-food  solutions  and  sterile,  distilled,  nitrogen-ftee 
water  were  added  from  the  outer  end  of  the  outlet  tube,  with  the  gas 
flowing  in  order  to  avoid  the  possible  admittance  of  air.  The  moisture 
content  of  the  sand  was  maintained  at  about  12  percent.  When  the 
apparatus  had  been  made  tight,  the  gas  was  started  and  allowed  to 
flow  gently  for  eight  to  ten  hours  per  day;  at  night  it  was  entirely 
shut  off.  By  this  method  the  plant  roots  were  kept  constantly  in  the 
same  atmosphere. 

The  gas  mixture  used  in  the  first  three  experiments  consisted  of 
96  to  98  percent  oxygen  and  2 to  4 percent  carbon  dioxid.  For  the 
purpose  of  comparison,  air  was  passed  thru  part  of  the  bottles  in  these 
experiments.  The  gas  mixture  was  made  in  the  laboratory,  great  care 
being  exercised  to  eliminate  nitrogen,  air,  and  other  impurities.  The 
oxygen  was  made  from  potassium  chlorate  and  manganese  dioxid,  and 
the  carbon  dioxid  was  generated  from  marble  and  hydrochloric  acid. 
The  air,  when  used  as  a source  of  nitrogen,  was  passed  thru  sulfuric 
acid  before  entering  the  gasometer  and  after  leaving  it.  In  order  to 


^late  Y shows  the  apparatus  in  use. 
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Plate  V. — Experiment  II:  Cowpeas  at  the  Time  of  Harvest  (37  Days) 
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dispel  any  possible  doubt  as  to  the  oxygen  mixture  being  too  strong, 
a fourth  experiment  was  conducted  in  which  the  effect  of  a mixture 
made  of  90  percent  oxygen,  7 percent  nitrogen,  and  3 percent  carbon 
dioxid  was  compared  with  that  of  a mixture  made  of  97  percent 
oxygen  and  3 percent  carbon  dioxid. 

Experiment  I 

In  Experiment  I,  soybeans  were  used.  Three  plants  twenty-one 
days  old  were  placed  in  position  on  September  1,  1911,  one  in  each  of 
two  Woulfe  bottles  and  a check  plant  left  uninclosed.  Thruout  the 
experiment  these  plants  were  kept  out  of  doors  during  the  day.  The 
experiment  was  continued  for  twenty-eight  days.  At  the  end  of  that 
time  the  plants  were  analyzed  for  total  nitrogen  by  the  official  Gun- 
ning1 method.  The  average  of  individual  analyses  of  twenty  soybean 
seeds  was  taken  as  the  criterion  from  which  to  calculate  the  amount 
of  nitrogen  fixed  by  the  plants.  The  results  are  presented  in  Table  9. 


Table  9. — Fixation1  of  Nitrogen  by  Soybeans:  Experiment  I 
(Kesults  expressed  in  milligrams) 


Plant 

No. 

Treatment 

Nitrogen  in 
plant  at  end, 
28  days 

Nitrogen 
in  check 
seeds 

Nitrogen 

fixed 

1 

co2  + o 

10.43 

11.4 

(-.97) 

2 

co2  + o 

10.65 

11.4 

(-.75) 

3 

Air 

17.61 

11.4 

7.07 

^he  word  fixation  is  used  in  this  publication  in  its  broader  sense  and  should 
be  understood  as  meaning  the  fixation  of  atmospheric  nitrogen  by  bacteria  and 
the  assimilation  of  the  nitrogenous  compounds  formed  by  the  plant. 


The  error  in  Plants  1 and  2 is  partially  accounted  for  by  a slight 
injury  to  these  plants  by  grasshoppers  and  red  ants.  There  is,  how- 
ever, a small  experimental  error  which  is  difficult  to  eliminate,  as  will 
be  observed  in  the  other  experiments. 

Experiment  II 

The  experience  gained  in  Experiment  I led  to  the  selection  of 
cowpeas  for  the  later  investigations,  since  they  are  less  subject  to 
injury  by  red  ants  than  are  soybeans.  Experiment  II  was  started  on 
November  23,  1911,  and  continued  until  December  29,  thirty-seven 
days.  Six  two-liter  Woulfe  bottles  were  planted  with  seedlings 
twenty-four  days  old.  Air  was  passed  thru  three  of  the  bottles  and  the 
gas  mixture  thru  the  other  three.  The  average  of  individual  analyses  of 


1In  preliminary  tests  the  Gunning  and  Kjeldahl  methods  modified  to  include 
nitrates  gave  no  higher  results  than  the  official  Gunning  or  Kjeldahl  methods. 
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Plate  YI. — Experiment  II : Plants  Above  Grown  in  Air  ; Those  Below 

Grown  in  C02  -f  O 
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fifteen  cowpea  seedlings  seventeen  days  old  was  used  as  a basis  from 
which  to  calculate  the  nitrogen  fixed  by  the  plants  during  the  experi- 
ment. Seedlings  of  this  age  were  taken  for  analysis  in  order  that  the 
results  of  this  experiment  might  be  comparable  with  those  of  the 
others,  altho  the  seedlings  of  the  experiment  when  transplanted  were 
somewhat  older. 


Table  10. — Fixation  of  Nitrogen  by  Cowpeas:  Experiment  II 
(Besults  expressed  in  milligrams) 


Plant 

No. 

Treatment 

Nitrogen  in 
plant  at  end, 
37  days 

Nitrogen  in 
check  seedlings 
at  beginning 

Nitrogen 

fixed 

1 

C02  + 0 

9.21 

7.90 

1.31 

2 

C02  -j-  o 

13.03 

7.90 

5.13 

3 

co2  + o 

9.43 

7.90 

1.53 

4 

Air 

24.84 

7.90 

16.94 

5 

Air 

23.61 

7.90 

15.71 

Note. — Plant  6 was  lost  in  distilling  thru  the  breaking  of  the  flask,  caused 
by  sand  adhering  to  the  roots. 


The  fixation  shown  by  Plant  2 is  attributed  to  a leak  discovered 
around  the  stem  of  this  plant  some  few  weeks  after  it  had  been  put  in 
place ; trouble  was  had  thruout  the  experiment  in  keeping  it  gas-tight. 
The  evident  fixation  in  the  case  of  Plants  1 and  3 is  within  experi- 
mental error;  yet  since  these  plants  were  twenty-four  days  old  when 
placed  in  the  apparatus,  while  the  check  seedlings  analyzed  were  only 
seventeen  days  old,  it  is  reasonable  to  assume,  from  the  results  obtained 
in  the  next  experiment,  that  a part  at  least  of  the  assimilation  of  this 
nitrogen  had  taken  place  before  the  seedlings  were  transferred. 

On  the  plants  receiving  air  the  nodules  became  well  developed. 
The  accompanying  photograph  (Plate  VI),  taken  at  the  termination 
of  the  experiment,  shows  the  comparative  development  of  the  roots 
and  the  tops  grown  in  the  gas  mixture  and  those  grown  in  the  air. 
The  most  interesting  part  of  this  experiment  was  the  very  evident 
translocation  exhibited  by  the  plants  growing  in  the  mixture  of  carbon 
dioxid  and  oxygen,  as  shown  by  their  color.  The  same  phenomenon 
was  observed  in  the  later  experiments  and  is  discussed  under  the 
general  consideration  of  the  gas  experiments. 

Experiment  III 

Experiment  III  was  conducted  with  cowpeas  in  a manner  similar 
to  that  of  the  preceding  experiments.  It  was  started  on  March  5,  1912, 
with  six  seedlings  seventeen  days  old  and  discontinued  after  eighty- 
three  days,  May  27,  1912.  Air  was  passed  thru  three  of  the  bottles 
and  the  gas  mixture  thru  the  other  three.  In  order  to  obtain  the  best 
possible  check  on  the  results,  fifteen  additional  seedlings  of  the  same 
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Plate  VII. — Experiment  III:  Lower  Figure  Showing  Experiment  at  Begin- 
ning; Upper  Figure  • Showing  Experiment  10  Days  Later 
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Plate  VIII. — Experiment  III:  Upper  Figure  Showing  Experiment  52  Days 
from  Beginning;  Lower  Figure  Showing  Experiment  at  Harvest 

(83  Days) 
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lot  as  those  transplanted  to  the  Woulfe  bottles,  grown  from  seeds  185 
milligrams  in  weight,  were  analyzed  individually  at  the  beginning  of 
the  experiment.  The  results  showed  the  presence  of  an  average  of  7.90 
milligrams  of  nitrogen,  while  the  average  nitrogen  content  of  twenty 
seeds  of  the  same  weight  analyzed  individually  equaled  6.94  milli- 
grams, making  an  average  fixation  of  .96  milligram  of  nitrogen  by 
these  seedlings  in  the  first  seventeen  days. 


Table  11. — Fixation  of  Nitrogen  by  Cowpeas:  Experiment  III 
(Results  expressed  in  milligrams) 


Plant 

No. 

Treatment 

Nitrogen  in 
plant  at  end, 

Nitrogen  in 
check  seedlings 

Nitrogen 

fixed 

83  days 

at  beginning 

1 

C02  + 0 

9.48 

7.90 

1.58 

o 

C0,  + 0 

7.49 

7.90 

(-.41) 

3 

co2  + o 

8.49 

7.90 

.59 

4 

Air 

Roots  74.27 
Tops  112.59 

186.86 

7.90 

177.96 

5 

Air 

Roots  71.99 
Tops  166.03 

238.02 

7.90 

230.12 

6 

Air 

Roots  ($.71 
Tops  120.51 

187.22 

7.90 

179.32 

The  figures  in  Table  11  show  to  what  extent  fixation  took  place. 
Plants  1 and  3 may  have  contained  more  than  7.90  milligrams  of  nitro- 
gen as  seedlings,  altho  it  cannot  be  proved  that  they  did,  owing  to  the 
impossibility  of  analyzing  and  growing  the  same  seedling.  There  was 
always  another  possible  source  of  error  in  the  dissolved  nitrogen  gas 
in  the  water  used  for  pressure  in  the  gasometers. 

It  is  well  to  observe  that  in  all  these  experiments  the  gases  were 
passed  thru  sulfuric  acid,  which  eliminated  the  possibility  of  ammonia 
playing  any  part  in  the  fixation.  This  is  claimed  by  many  to  occur; 
yet  the  first  experiment  ever  made  for  the  purpose  of  showing  that 
legumes  obtain  nitrogen  from  the  air  was  so  conducted  that  combined 
nitrogen  was  eliminated. 

The  plants  in  the  carbon  dioxid  and  oxygen  mixture  were  from  3 
to  4 inches  in  height  and  possessed  two  leaves  at  the  end  of  the  experi- 
ment, while  those  growing  in  the  air  measured  from  8 to  9 inches  in 
height  and  possessed  nine  leaves. 
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Plate  IX. — Experiment  III:  On  the  Left,  Roots  from  Plant  Grown  in 
C02-j-0;  On  the  Right,  Roots  from  Plant  Grown  in  Air 
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In  order  to  test  the  viability  of  B.  radicicola  after  it  had  grown 
on  the  plant  under  extreme  oxygen  conditions,  organisms  were  re- 
moved from  the  nodules  of  Plants  1,  2,  and  3,  and  an  infusion  made  in 
sterile  water.  Portions  of  this  infusion  were  applied  to  cowpea  seeds 
that  had  been  sterilized  and  planted  in  sterile  sand.  Sterile  conditions 
were  maintained  thruout  this  test.  Profuse  nodule  formation  resulted, 
demonstrating  that  no  harmful  results  had  been  produced  upon  the 
organism  by  its  long  exposure  to  an  atmosphere  with  a high  content  of 
oxygen. 

Experiment  IV 

Having  made  certain  in  Experiment  III  that  no  detrimental  ef- 
fects had  been  produced  upon  B.  radicicola  by  long  exposure  to  an 
atmosphere  high  in  oxygen,  Experiment  IV  was  instituted  in  order  to 
determine  if  there  could  have  been  any  possibility  of  injury  to  the 
plants  in  the  previous  experiments  from  the  use  of  gaseous  mixtures 
high  in  oxygen. 

The  plan  involved  a comparison  of  the  effect  of  a mixture  of  97 
percent  oxygen  and  3 percent  carbon  dioxid,  and  that  of  a mixture  of 
90  percent  oxygen,  7 percent  nitrogen,  and  3 percent  carbon  dioxid. 
The  nitrogen  used  was  obtained  from  the  air;  otherwise  this  experi- 
ment was  similar  to  Experiment  III.  Each  gas  mixture  was  passed 
thru  three  of  the  Woulfe  bottles.  The  experiment  was  begun  on  Sep- 


Table  12. — Fixation  of  Nitrogen  by  Cowpeas:  Experiment  IV 

(Results  expressed  in  milligrams) 


Plant 

No. 

Treatment 

Nitrogen  in 
plant 

Nitrogen  in 
check  seedlings 
at  beginning 

Nitrogen 

fixed 

First  Harvest  (26  Days) 

2 

co2  + o 

10.00 

7.90 

2.10 

4 

N 4-  C02  4-  0 

14.94 

7.90 

7.04 

Second  Harvest  (28  Days) 

3 

CO,-fO 

8.06 

7.90 

.16 

6 

n + co2  + o 

33.51 

7.90 

25.61 

Third  Harvest  (95  Days) 

1 

C02  + 0 

13.97 

7.90 

6.07 

5 

N + C02  4-  0 

Leaves  129.26 
Stems  45.17 

Tops  174.43 
Roots  32.93 

Nodules  112.02 

319.38 

7.90 

311.48 
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Plate  X. — Experiment  IY : Upper  Figure  Showing  Experiment  at  Beginning; 
Lower  Figure  Showing  Experiment  16  Days  Later 
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Plate  XI. — Experiment  IV:  Lower  Figure  Showing  Plants  41  Days  from 
Beginning;  Upper  Figure  Showing  Plants  59  Days  from  Beginning 
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Plate  XII. — Experiment  IY : At  the  Time  of  Harvest  (95  Days) 
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Plate  XIII. — Experiment  IV : On  the  Left,  Roots  from  Plant  Grown  in 
C02-f-0;  On  the  Right,  Roots  from  Plant  Grown  in  N-|-C02-|-0 
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tcmber  7,  1912,  with  six  cowpea  seedlings  eleven  days  old,  and  eon- 
tinned  for  ninety-five  days.  The  plants  were  harvested  two  at  each 
of  three  periods. 

The  results  given  in  Table  12  need  no  explanation,  tho  it  might 
be  well  to  call  attention  to  the  individual  differences  in  the  plants  in 
the  amounts  of  nitrogen  fixed.  During  the  ninety-five  days  of  the  ex- 
periment, Plant  5 fixed  fifty-one  times  as  much  nitrogen  as  Plant  1. 
The  following  comparison  between  the  growth  of  these  two  plants  is 
of  interest. 

Plant  1 attained  a total  height  of  5 inches,  possessed  one  leaf,  and 
on  the  roots  were  counted  60  nodules.  Plant  5 reached  a height  of  61 
inches;  its  leaves  measured  as  follows: 
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Several  pods  were  formed,  as  may  be  seen  by  reference  to  Plate 
XII,  one  of  which  measured  41/2  inches  in  length  and  was  partially 
filled  with  seeds.  The  roots  were  so  large  that  the  Woulfe  bottle  had 
to  be  broken  in  order  to  obtain  them.  The  plant  possessed  32  large 
nodules,  46  medium  to  large,  66  medium,  and  144  small ; 288  in  all. 

Experiment  by  Kossowitsch 

Reference  has  been  made  to  a laboratory  experiment  conducted 
by  Kossowitsch  in  the  summer  of  1891  (see  page  503).  As  his  work 
has  been  accepted  by  some  and  ignored  by  others,  it  is  of  particular 
interest. 

Peas  were  started  in  a mixture  of  four-fifths  sand  and  one-fifth 
soil  in  which  peas  had  been  grown  the  year  before.  When  the  plants 
had  developed  good  nodules,  they  were  transferred  to  jars  containing, 
nitrogen-free  sand.  In  some  cases  the  roots  were  enclosed  and  in  others 
the  tops,  a similar  means  being  used  in  each  case  to  make  the  joints 
air-tight.  Over  the  tops  of  the  jars  bell- jars  were  placed.  These 
were  connected  thru  drier  bottles  with  a gasometer.  Because  of  mois- 
ture collecting  in  the  bell- jars,  absorbents  were  used  to  keep  the 
atmosphere  normal.  The  gas  mixtures  used  were  hydrogen  and 
oxygen  in  some  cases ; hydrogen,  oxygen,  and  carbon  dioxid  in  some ; 
and  air  in  others.  Combined  nitrogen  was  also  used  to  check  up 
the  possible  abnormal  condition  due  to  the  necessary  manner  of 
experimentation.  Great  accuracy  was  displayed  in  arranging  the  ap- 
paratus and  in  analyzing  the  gases. 
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A study  of  the  results  of  Kossowitsch ’s  experiment,  given  in  Table 
13,  discloses  very  little  data  bearing  strictly  on  the  question,  thru 
what  organs  plants  obtain  atmospheric  nitrogen.  Plants  1 and  2 
tend  to  show  that  nitrogen  cannot  be  obtained  thru  the  leaves.  Plant 
2 shows  a fixation,  but  it  may  be  within  experimental  error.  Plants  3, 
4,  6,  and  10  may  be  eliminated,  as  assimilation  should  have  taken  place 
in  these  cases.  Plant  5,  the  leaves  of  which  were  in  hydrogen,  oxygen, 
and  carbon  dioxid,  fixed  nitrogen,  but  Kossowitsch  states  that  this  re- 
sult is  not  reliable,  owing  to  the  leaves  not  having  been  sufficiently  iso- 
lated. Plants  7,  8,  and  11  show  normal  results,  and,  like  Plant  9, 
indicate,  aside  from  the  experimental  error,  that  the  nitrogen  must  be 
brought  into  contact  with  the  roots  in  order  to  effect  fixation.  Plant 
12,  the  leaves  of  which  were  enclosed  in  hydrogen,  oxygen,  and  carbon 
dioxid,  also  showed  a fixation.  Thus  it  will  be  seen  that  the  data 
bearing  on  the  question  were  obtained  from  only  seven  plants. 

Somewhat  related  to  this  problem  is  the  work  of  Nobbe  and  Hilt- 
ner,1  who  grew  lupines  in  solutions.  They  thought  that  it  was  neces- 
sary to  raise  the  nodules  above  the  solution  in  order  to  obtain  a 
fixation,  and  this  seemed  to  indicate  to  them  that  legume  plants  obtain 
atmospheric  nitrogen  thru  their  roots  rather  than  thru  their  tops. 

General  Consideration  of  Gas  Experiments 

The  plants  in  the  mixture  of  carbon  dioxid  and  oxygen  usually 
developed  two  and  sometimes  three  leaves  before  they  seemed  to  be 
checked  in  their  growth.  Soon  an  interesting  translocation  set  in. 
Each  plant  removed  the  nitrogen  from  the  lower  leaves  and  developed 
a new  leaf  of  a normal  green  color.  The  green  of  the  old  leaves  disap- 
peared from  the  margins  first;  soon  the  whole  leaves  became  yellow, 
and  shortly  dropped  from  the  plant.  This  process  repeated  itself  un- 
til there  was  not  nitrogen  enough  left  in  a translocatable  form  to  give 
green  color  to  another  leaf,  when  a pale  green  or  even  a yellow  leaf 
appeared.  The  duration  of  this  process  was  remarkably  long  in  some 
of  the  plants.  The  appearance  of  the  plants  was  in  every  case  of 
especial  note,  even  to  a layman. 

It  should  be  emphasized  that  no  combined  nitrogen  was  present 
or  could  have  been  assimilated  in  these  experiments.  The  slight  amount 
of  nitrogen  reported  as  fixed  by  the  plants  in  carbon  dioxid  may  have 
been  either  actual  fixation  or  experimental  error.  From  close  observa- 
tion and  study  made  in  order  to  reduce  this  error,  it  would  seem  that 
its  only  possible  source,  disregarding  Plant  2 in  Experiment  II, 
already  mentioned,  would  be  the  dissolved  air  in  the  water  used  for 
pressure  in  the  gasometers.  This  was  unavoidable.  It  may  also  account 
for  the  error  in  Kossowitsch ’s  experiment.  Plant  1 in  Experiment  IV 


^ee  page  503,  note  4. 
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would  seem  to  indicate  that  the  above  view  is  correct,  as  it  showed  a 
content  of  6 milligrams  of  nitrogen  after  having  remained  under  ex- 
periment for  ninety-five  days.  In  this  length  of  time  there  were  a 
great  many  changes  of  the  gasometers  and  the  use  of  a large  amount 
of  water,  which  would  tend  to  increase  the  atmospheric  nitrogen  and 
thus  perhaps  contaminate  the  other  gas  mixtures.  The  nodules  on  all 
the  plants  were  normal.  On  Plant  5,  Experiment  IV,  they  were  very 
large,  and  the  spongy  sutures  were  highly  developed  as  if  to  present 
as  large  an  absorbing  surface  as  possible. 

Finally,  it  should  be  noted  that  had  the  plants  growing  in  the 
mixture  of  carbon  dioxid  and  oxygen  possessed  any  ability  to  take  in 
nitrogen  thru  their  leaves,  they  should  have  made  as  good  a develop- 
ment as  those  growing  in  the  air,  and  those  in  the  oxygen,  nitrogen, 
and  carbon  dioxid  mixture. 

Practical  Application  of  Results 

The  practical  application  of  the  results  obtained  in  these  experi- 
ments would  appear  to  rest  in  the  proper  aeration  of  the  soil  in  order 
that  greater  amounts  of  nitrogen  may  be  fixed.  As  the  plants  obtain 
their  nitrogen  thru  their  roots,  it  is  essential  that  the  soil  contain 
plenty  of  air  at  all  times. 


PART  II 

RELATIVE  PERCENTAGES  OF  NITROGENOUS  COMPOUNDS  IN  THE 
VARIOUS  PARTS  OF  THE  SOYBEAN  AND  COWPEA  AT 
DEFINITE  PERIODS  OF  GROWTH 

It  has  seemed  advisable  to  determine,  if  possible,  in  what  forms 
atmospheric  nitrogen  exists  in  the  various  parts  of  the  legume,  for  it 
is  believed  that  this  knowledge  would  throw  much  light  upon  the  whole 
process  of  fixation.  To  do  this,  various  compounds  in  the  nodules, 
roots,  and  tops  were  determined  at  definite  periods  in  the  growth  of 
the  soybean  ( Glycine  hispida,  Maxim)  and  the  cowpea  ( Vigna  un- 
guiculata,  Walp).  As  it  would  be  quite  impossible  to  determine  all 
these  compounds  separately,  they  were  grouped  and  determined  as 
follows, — total,  insoluble,  and  soluble  nitrogen.  In  the  soluble-nitro- 
gen group  was  included  the  nitrogen  precipitated  by  P.T.A.  and 
Other  nitrogen.  The  constructive  and  destructive  metabolisms  in  the 
plant  doubtless  give  rise  to  other  nitrogen  compounds  than  pure  pro- 
tein; so  it  is  quite  possible  that  in  addition,  proteoses,  peptones,  pep- 
tides, acid  amides,  amino  acids  (mono  and  di),  guandine  residues,  pig- 
ment nitrogen,  alkaloids,  ammonia,  nitrites,  nitrates,  and  other  nitro- 
gen compounds  may  have  been  present. 

Because  of  the  great  importance  of  controlling  conditions  under 
which  experimental  plants  are  grown,  all  the  factors  in  this  work  were 
controlled  except  the  influence  of  sunlight. 
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Methods  Employed  in  the  Growth  and  Preparation  op  Samples 

Plants  TJsed . — The  soybean  and  the  cowpea  were  selected  for  this 
work  because  of  their  adaptability  to  the  conditions  under  which  it 
was  necessary  to  carry  on  the  investigations.  The  rapidity  and  habit 
of  growth,  as  well  as  the  nodule  formation  of  these  plants,  makes  them 
especially  desirable  for  experiments  of  this  sort.  The  cowpea  is  an  im- 
portant crop,  especially  in  southern  Illinois,  while  the  soybean  is  being 
grown  more  and  more  each  year  in  central  and  northern  Illinois.  The 
seed  used  in  all  the  experiments  conducted  was  produced  in  1910  on 
some  of  the  experimental  fields  of  this  station.  The  soybeans  were  of 
the  Medium  Green  variety,  the  cowpeas,  the  Whippoorwill. 

Methods  Used  in  Growing  the  Plants. — 4.7  kilos  of  pure  nitrogen- 
free  sand,  in  which  10  grams  of  chemically  pure  calcium  carbonate  had 
been  thoroly  mixed,  were  placed  in  each  of  a number  of  6-inch  cylin- 


Plate  XIY. — Typical  Jar  of  Five  Cowpeas  Being  Grown  for  Samples 
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drical  glass  battery  jars.  These  jars  were  painted  black  in  order  to 
keep  the  light  from  the  roots  and  check  the  growth  of  algae.  A mois- 
ture content  of  12  percent  was  maintained  thruout  the  growth  of  the 
plants.  This  was  done  by  weighing  each  jar  at  least  every  week,  some- 
times every  four  days,  and  adding  sufficient  nitrogen-free,  distilled 
water1  to  restore  the  original  weight  of  the  jar.  During  the  interim 
each  jar  was  given  the  same  amount  of  water. 

Mineral  plant  food  in  solution  was  applied  once  a week.  Each 
jar  was  given  the  following  solutions: 

10  cc.  each  of — 

25  grams  CaH4  (P04)3  per  2500  cc.  water 
20  grams  MgS04  per  2500  cc.  water 

50  grams  K2S04  per  2500  cc.  water 

1 cc.  of — 

.1  gram  FeCl3  per  250  cc.  water 

These  amounts  were  diluted  with  water  and  added  at  the  same 
time  that  the  plants  were  made  up  to  weight.  The  jars  in  several 
series  were  kept  out  of  doors  during  the  pleasant  days,  but  all  plants 
were  kept  in  the  greenhouse  during  the  night. 

Planting  and  Inoculation . — Five  seeds  of  average  size  were  se- 
lected and  planted  in  each  jar.  In  the  earlier  work,  in  order  to  insure 
a proper  germination  of  the  five  seeds  and  avoid  the  possibility  of  some 
decaying  and  leaving  organic  matter  in  the  sand,  moistened  filter 
papers  were  placed  over  the  seeds  until  germination  was  assured,  when 
the  seeds  were  covered  with  one-half  inch  of  sand.  Later  this  method 
was  found  unnecessary  owing  to  the  excellent  germination  of  the  seeds ; 
and  by  starting  more  jars  than  needed  in  the  series,  the  required  num- 
ber containing  five  plants  was  insured.  By  always  covering  the  seeds 
with  the  same  amount  of  sand,  more  uniform  plants  were  secured. 

Inoculation  was  attained  by  the  following  method:  Plants  were 
grown  in  a soil  in  which  they  would  form  nodules.  These  nodules 
were  then  removed  from  the  plant,  thoroly  washed,  and  dipped  in 
alcohol.  After  burning  off  the  alcohol  by  passing  the  nodules  thru  a 
flame,  they  were  crushed  in  sterile  distilled  water.  The  inoculum  was 
then  diluted  to  about  a liter  and  5 cc.  applied  to  each  seed  just  be- 
fore it  was  covered  with  sand.  When  this  method  of  infection  was 
carried  out,  no  failures  were  experienced  and  an  abundance  of  nodules 
was  always  obtained. 

Uninoculated  material  was  obtained  by  planting  a few  jars  sim- 
ilarly to  the  inoculated,  except  that  the  seeds  were  dipped  in 
alcohol  and  the  alcohol  then  burned  off,  and  that  a sterile  spatula  was 
used  in  planting.  The  sand  in  these  jars  was  not  sterilized,  but  the 
jars  were  placed  in  vessels  of  water  in  order  to  prevent  possible  infec- 

aWhenever  water  is  mentioned  in  this  publication  nitrogen-free  distilled 
water  is  always  meant,  unless  otherwise  stated. 
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tion  by  ants  and  red  spiders.  This  method  gave  very  good  results; 
in  no  ease  did  inoculation  occur. 

Harvesting  Samples. — As  soon  as  the  seed  coats  were  free  from 
the  young  seedlings,  they  were  removed  from  the  jars,  labeled  accord- 
ing to  the  jars  from  which  they  came,  and  later  were  analyzed  with 
the  roots  from  that  jar.  In  like  manner  the  cotyledons  and  all  the 
leaves  which  had  dropped  were  analyzed  with  the  tops  from  the  cor- 
responding jar. 

The  periods  at  which  the  plants  were  harvested  were  regulated  ac- 
cording to  the  development  of  the  leaves.  Harvests  were  made  from 
jars  as  nearly  uniform  as  possible,  in  most  cases  selected  in  triplicate. 
The  jars  were  taken  to  the  laboratory,  where  the  tops  of  the  plants 
were  cut  one  inch  above  the  surface  of  the  sand  and  placed  in  a suit- 
able receptacle  to  air-dry.  A stream  of  water  was  then  carefully  di- 
rected on  the  jars  in  order  to  wash  the  sand  from  the  roots.  After  all 
the  visible  nodules  had  been  carefully  removed  with  forceps,  counted, 
and  placed  away  to  air-dry,  the  roots  were  also  placed  away  to  air-dry. 

Laboratory  numbers  were  given  as  follows : odd  hundreds  to  soy- 
bean series,  even  hundreds  to  cowpeas ; the  tens  to  the  number  of  the 
harvest;  and  the  units  1,  2,  3,  to  tops;  4,  5,  6,  to  roots;  and  7,  8,  9,  to 
nodules.  Thus,  129  refers  to  soybean  nodules  of  the  second  harvest. 
The  roots  of  the  same  are  numbered  126,  and  the  tops,  123. 

Preparation  of  the  Sample. — After  complete  air-drying,  all  the 
samples  were  ground  so  that  they  would  pass  thru  a 100-mesh  sieve. 
No  difficulties  were  experienced  in  the  grinding  except  with  that 
part  of  the  stem  which  extends  a little  above  and  below  the  surface  of 
the  sand.  At  this  place  where  the  plant  needs  the  greatest  strength  to 
sustain  its  upright  position,  the  fiber  is  very  tough.  The  difficulty  in 
grinding  this  part  of  the  stem  was  overcome  by  adding  some  grains  of 
pure  sand  before  grinding  the  tops  and  roots.  All  possible  care  was 
exercised  in  grinding,  yet  some  slight  loss  was  inevitable.  This  was 
especially  true  with  the  soybean  leaves,  as  they  are  pubescent  and  small 
hairs  will  sometimes  float  in  the  air.  However,  it  is  doubtful  whether 
the  error  due  to  this  loss  was  relatively  as  great  as  that  due  to  chemi- 
cal manipulation.  As  the  results  given  in  the  tables  all  refer  to  milli- 
grams of  nitrogen  per  jar,  the  presence  of  sand  in  some  samples  does 
not  affect  them.  After  the  samples  had  been  ground  they  were  placed 
in  air-tight  jars  until  needed  for  analysis,  when  the  total  weight  of 
each  was  taken. 


Analytical  Methods 

Total  Nitrogen. — When  determining  total  nitrogen,  duplicate 
subsamples  for  each  determination  on  each  sample  were  weighed  out 
at  the  same  time  in  order  to  avoid  error  from  possible  moisture 
changes.  For  the  tops  and  roots  .5  gram  was  taken  and  for  the 
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nodules  .1  or  .2  gram.  The  total  nitrogen  was  determined  by  the  Jodl- 
bauer  method.1  Glass  beads  were  used  to  prevent  bumping  in  digest- 
ing. The  hydrochloric  acid  and  the  ammonium  hydroxid  used  in 
titrating  were  one-tenth  normal.  Lacmoid  was  used  thruout  as  the 
indicator.  The  roots  were  not  so  easily  oxidized  as  the  other  parts, 
but  the  use  of  permanganate  to  complete  the  oxidization  was  avoided, 
except  in  the  case  of  a very  few  determinations. 

Insoluble  Nitrogen. — In  determining  insoluble  nitrogen,  a .2-gram 
sample  was  weighed  out  and  placed  in  a 400-cc.  shaker  bottle,  150  cc. 
of  water  was  added,  and  the  bottle  was  then  placed  in  a mechanical 
shaker  for  three  hours.  In  some  cases  a smaller  sample  was  used,  es- 
pecially with  the  nodules,  and  sometimes  with  the  roots ; in  these  cases 
a smaller  amount  of  water  was  used.  The  contents  of  the  bottle  were 
then  filtered  onto  an  S.  & S.  filter  paper  and  platinum  cone,  suction 
being  used  when  necessary.  The  residue  and  filter  paper  were  trans- 
ferred to  a Kjeldahl  flask  and  the  insoluble  nitrogen  determined  by 
the  Kjeldahl  method. 

Soluble  Nitrogen. — The  total  soluble  nitrogen  was  obtained  by  ad- 
ding P.T.A.2  and  Other  nitrogen.  In  the  few  cases  where  distillation 
was  made  with  sodium  hydroxid,  the  nitrogen  obtained  is  also  in- 
cluded under  the  soluble  nitrogen. 

Nitrogen  by  Distillation  with  NaOH. — In  several  of  the  harvests 
of  the  first  two  series,  the  filtrate  from  the  insoluble  nitrogen  was  dis- 
tilled with  sodium  hydroxid.  The  nitrogen  obtained  by  this  treatment 
is  reported  as  nitrogen  by  sodium  hydroxid.  This  nitrogen  may  rep- 
resent various  compounds,  as  will  be  explained  later. 

P.T.A.  Nitrogen. — In  order  to  determine  P.T.A.  nitrogen,  the 
filtrate  from  the  insoluble  residue  was  made  up  to  200  cc.  with  water. 
Five  grams  of  concentrated  sulfuric  acid  per  100  cc.  of  solution  were 
added  and  then  10  cc.  of  a solution  containing  20  grams  of  P.T.A. 
and  5 grams  of  sulfuric  acid  per  100  cc.  of  water.  In  the  beginning 
30  cc.  of  P.T.A.  solution  was  used ; later  this  amount  was  reduced  to 
10  cc.  and  in  some  cases  to  only  5 cc.  with  the  roots.  This  precipita- 
tion was  made  in  the  cold  and  the  solution  allowed  to  stand  for  forty- 
eight  hours  in  order  to  obtain  a complete  precipitation  of  arginine. 
At  the  end  of  that  time  the  precipitates  were  filtered  off  thru  S.  & S. 
filter  papers  and  washed  with  a solution  containing  2.5  grams  of 
P.T.A.  and  5 grams  of  sulfuric  acid  per  100  cc.  Later,  washing  was 
carried  out  by  using  part  of  the  mother  liquor.  The  precipitates  on 
the  filters  when  thoroly  washed  and  dried  were  transferred  to  Kjel- 
dahl flasks,  and  the  nitrogen  determined  by  the  Kjeldahl  method. 

irThe  Jodlbauer  method  was  used  at  first,  as  it  was  thought  nitrates  might 
be  present,  but  later  it  was  discontinued  except  for  determining  total  nitrogen. 

2See  note  to  Table  4,  page  500. 
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Other  Nitrogen. — In  determining  Other  nitrogen,  the  filtrate 
from  the  P.T.A.  precipitate,  after  having  keen  evaporated  to  about 
30  cc.  and  then  made  up  to  50  cc.,  was  divided  into  two  parts  in  the 
first  series,  and  a Kjeldahl  determination  made  on  one  half  and  an 
amino-nitrogen  determination  on  the  other.  This  proved  unsatisfac- 
tory because  of  the  small  amount  of  nitrogen  present  in  the  filtrate  for 
an  amino-nitrogen  determination.  Owing  to  the  excess  of  P.T.A.  in 
this  filtrate,  serious  bumping  occurred  during  digestion.  Altho  glass 
funnels  were  placed  in  the  necks  of  the  flasks  to  prevent  loss,  some  de- 
terminations were  lost.  Digestion  was  continued  for  four  to  seven 
hours  with  this  filtrate. 

A few  modifications  of  the  above  methods  are  considered  in  con- 
nection with  the  series  in  which  they  occurred.  In  all  the  analytical 
work  the  reagents  were  carefully  and  constantly  checked  up  for  nitro- 
gen, altho  the  methods  were  applied  under  the  same  conditions  at  all 
times. 


Discussion  of  Some  of  the  Methods  Used 

The  insoluble  nitrogen  represents  certain  proteins  and  probably 
other  insoluble  nitrogenous  compounds.  The  nitrogen  obtained  by  dis- 
tillation of  the  filtrate  from  the  above  might  represent  nitrogen  from 
acid  amides  or  volatile  organic  bases  or  basic  amino  nitrogen  (arginine 
and  cystine).  The  presence  of  volatile  organic  bases  was  eliminated 
by  qualitative  tests.  Thus  it  would  seem  that  the  nitrogen  found  by 
the  distillation  represents  an  amide  or  basic  nitrogen.  The  presence 
of  asparagine  in  soybean  seedlings  has  already  been  pointed  out,  but 
it  cannot  be  assumed  that  the  nitrogen  thus  determined  was  aspara- 
gine, as  arginine  and  cystine  may  have  been  present. 

P.T.A.,  as  already  stated,  precipitates  various  nitrogenous  com- 
pounds. The  reagent,  however,  does  not  completely  precipitate  alka- 
loids, peptones,  proteoses,  peptides,  and  diamino  acids  (basic  nitro- 
gen) ; further,  Van  Slyke1  has  shown  that  the  diamino  acids  are  ap- 
preciably soluble  in  this  reagent.  Osborne  and  Harris2  have  demon- 
strated that  P.T.A.,  while  subject  to  various  criticisms,  nevertheless, 
when  used  under  constant  conditions,  gives  very  good  comparative 
results. 

The  filtrate  from  the  P.T.A.  precipitate  contains  all  soluble  nitro- 
gen not  precipitated  by  P.T.A.  This  nitrogen  may  be  made  up  of 
amino  acids,  pigment  nitrogenous  compounds,  and  possibly  other  ni- 
trogenous compounds. 

Qualitative  Tests 

A large  number  of  plants  and  parts  thereof,  grown  under  the 
same  conditions  as  those  harvested  for  quantitative  determinations 

^an  Slyke:  Jour.  Biol.  Chem.  (1911-12),  10,  15-56. 

2Osborne  and  Harris:  Jour.  Am.  Chem.  Soc.  (1903),  25,  323-333. 
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were  tested  for  ammonia,  nitrites,  and  nitrates.  Nessler’s  reagent  was 
used  to  test  for  ammonia  and  diphenylamine  sulfuric  acid  for  nitrites 
and  nitrates.  All  these  tests  were  negative.  Ten  grams  of  tops  were 
treated  with  800  cc.  of  water  in  a liter  flask.  The  solution  was  boiled 
but  no  ammonia  was  obtained.  Upon  the  treatment  of  the  filtrate 
from  this  solution  with  sodium  hydroxid,  a large  amount  of  ammonia 
was  found  but  no  volatile  organic  bases,  as  the  distillate  gave  the  typi- 
cal test  for  ammonium  chlorid  when  absorbed  in  hydrochloric  acid 
and  left  no  carbonaceous  residue.  Zinc  sulfate  gave  no  precipitate  in 
this  filtrate.  The  filtrates  from  the  P.T.A.  precipitates  were  tested  in 
the  Van  Slyke  apparatus  with  results  which  indicate  that  some  of  the 
nitrogen  in  the  filtrate  was  in  the  form  of  primary  amines. 

Since  the  completion  of  these  experiments,  a study  of  the  total 
amino  nitrogen  in  the  seedlings  of  the  Alaska  pea,  as  obtained  by  the 
Van  Slyke  apparatus,  has  been  reported  by  Thompson.1  His  results 
indicate  that  as  high  as  43.3  percent  of  the  total  nitrogen  may  be  in 
the  form  of  primary  amines.  The  percentage  of  amino  nitrogen  found 
in  the  seed  was  only  .088,  increasing  in  the  seven-day  seedlings  to 
28.27. 

Series  100  (Soybeans) 

The  conditions  under  which  the  soybeans  used  in  Series  100  were 
grown  have  already  been  explained  (see  page  523).  Their  develop- 
ment at  each  of  the  five  harvests  is  shown  in  Table  14. 


Table  14. — Development  of  Soybeans:  Series  100 


Planted 

Harvested 

Age, 

days 

Leaves  and  pods 
per  plant 

Height, 

inches 

Nodules 
per  15 
plants 

Mar. 

18, 

1911 

Apr. 

25 

38 

4 leaves 

6 

265 

7 7 

7 7 

7 7 

May 

10 

53 

6 ” 

11 

1 061 

7 7 

7 7 

7 7 

May 

17 

60 

8 ” 

14 

987 

7 7 

7 7 

7 7 

May 

24 

67 

10-12  leaves;  an 
average  of  5.4  pods 

16-17 

1 154 

7 7 

7 7 

7 7 

May 

31 

74 

10-12  leaves;  beans 
formed  in  pods 

16-17 

1 354 

The  total  nitrogen  determinations  in  the  various  parts  of  the 
plants  of  this  series  at  different  stages  of  growth,  together  with  the 
nitrogen  fixed  at  each  of  these  stages,  are  given  in  Table  15.  The 
amount  of  the  nitrogen  fixed  was  determined  by  subtracting,  from  the 


Thompson:  Jour.  Am.  Chem.  Soc.  (1915),  37,  230—235. 
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total  nitrogen  found,  the  average  nitrogen  content  of  five  soybean 
seeds  as  shown  by  the  individual  analyses  of  twenty  seeds.  Nearly  all 
the  figures  in  this  table  represent  the  average  of  six  determinations. 


Table  15. — Total  Nitrogen  in  Various  Parts  op  Soybeans  and  Fixation 
at  Different  Periods:  Series  100 

(Milligrams  per  jar  of  five  plants) 


Harvest 

Lab. 

Nos. 

Nitrogen 
in  tops 

Nitrogen 
in  roots 

Nitrogen 
in  nodules 

Nitrogen 
in  whole 
plants 

Nitrogen 
in  seeds 

Nitrogen 

fixed 

1 

111-112 

114-115 

117-118 

87.10 

13.35 

28.04 

128.49 

57.301 

71.19 

2 

121-129 

204.59 

22.70 

47.10 

274.39 

57.30 

217.09 

3 

131-139 

286.91 

43.44 

82.95 

413.30 

57.30 

356.00 

4 

141-149 

356.52 

40.15 

60.40 

457.07 

57.30 

399.77 

5 

151-159 

247.82 

30.82 

54.56 

333.20 

57.30 

275.90 

*It  would  be  preferable  to  use  the  analyses  of  uninoculated  plants  as  a check 
rather  than  the  analyses  of  seeds. 


These  figures  need  very  little  explanation.  The  results  of  the  first 
four  harvests  show  a gradual  increase  in  the  amount  of  nitrogen  fixed. 
The  low  results  obtained  at  the  last  harvest  are  in  accord  with  the 
results  of  Wilfarth  and  Wimmer1  and  Penny  and  MacDonald.2 

The  separation  of  the  nitrogen  compounds  into  the  various  groups 
was  carried  out  in  this  series  as  follows : The  whole  sample  was  dried 
for  four  hours  at  50° C.  both  before  and  after  grinding.  The  subsam- 
ples were  weighed  out  and  placed  in  250-cc.  beakers ; 100  cc.  of  water 
was  then  added  and  the  whole  heated  to  boiling  and  filtered  while  hot. 
Suction  was  used  in  filtration,  and  the  washing  was  done  with  50  cc. 
of  hot  water.  The  residue  was  Kjeldahlized  as  usual.  The  filtrates 
from  some  of  the  harvests  were  treated  with  10  cc.  of  sodium  hydroxid 
and  distilled.  The  residual  liquid  in  the  Kjeldahl  flask  was  trans- 
ferred to  a 350-cc.  beaker  and  the  excess  alkali  neutralized  with  sul- 
furic acid,  after  which  the  regular  P.T.A.  method  wras  applied.  The 
precipitates  obtained  by  P.T.A.  were  characteristic  in  their  behavior. 
After  the  reagent  had  been  added  some  one  or  two  hours,  a volumi- 
nous grayish  white  precipitate  appeared,  sometimes  colored  a yellow- 
ish green,  and  very  gradually  settled  to  the  bottom  in  a very  thin 
layer,  leaving  the  supernatant  liquid  yellowish  green  in  the  case  of 

Wilfarth  and  Wimmer:  Landw.  Vers.  Stat.  (1906),  63,  1-70. 

2Penny  and  MacDonald:  Del.  Agr.  Exp.  Sta.  Bui.  86,  35. 
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the  tops,  slightly  straw  colored  to  colorless  in  the  case  of  the  roots, 
and  colorless  in  the  case  of  the  nodules. 

The  amount  of  the  precipitate  from  the  determination  with  the 
tops  was  much  greater  than  that  with  the  roots  and  nodules.  Caution 
was  exercised  in  all  the  determinations  not  to  allow  losses  or  changes 
due  to  bacterial  action.  A few  drops  of  chloroform  were  placed  on  the 
filter  and  in  the  filtrate  when  the  determinations  were  sufficiently  long 
to  be  liable  to  bacterial  action. 

The  results  of  the  separations  are  shown  in  Table  16.  Here  again, 
as  in  the  case  of  the  total  nitrogen  determinations,  most  of  the  figures 
represent  the  average  of  two  determinations  made  upon  samples  from 
each  of  three  jars.  The  total  soluble  nitrogen  was  obtained  by  the 
addition  of  the  various  determined  soluble  forms.  The  total  nitrogen 
reported  in  the  last  column  is  the  sum  of  all  the  separations  made. 
These  results  will  be  discussed  later  with  those  of  the  other  series. 


Table  16. — Nitrogen  Separations:  Series  100  (Soybeans) 
(Milligrams  per  jar  of  five  plants) 


Har- 

vest 

Lab. 

Nos. 

Part 

Insol- 

uble 

nitro- 

gen 

Total 

solu- 

ble 

nitro- 

gen 

NaOH 

nitro- 

gen 

P.T.A. 

nitro- 

gen 

Other 

nitro- 

gen 

Total 

nitro- 

gen 

1 

111-112 

Tops 

61.52 

24.39 

4.16 

20.23 

85.91 

114-115 

Roots 

8.90 

5.00 

.85 

4.15 

13.90 

117-118 

Nodules 

15.72 

11.61 

— 

3.54 

8.07 

27.33 

2 

121-123 

Tops 

135.15 

37.99 

8.11 

29.88 

173.14 

124-126 

Roots 

15.49 

5.67 

.48 

5.19 

21.16 

127-129 

Nodules 

32.83 

16.03 

9.66 

6.37 

48.86 

3 

131-133 

Tops 

146.79 

140.12 

25.63 

114.49 

286.911 

134-136 

Roots 

27.03 

16.42 

• • • • 

.93 

15.49 

43.45 

137-139 

Nodules 

47.95 

35.00 

— 

18.55 

16.452 

82.951 

4 

141-143 

Tops 

183.35 

134.26 

17.86 

25.96 

90.44 

317.61 

144-146 

Roots 

26.14 

12.93 

2.49 

.85 

9.59 

39.07 

147-149 

Nodules 

31.77 

27.27 

2.38 

15.35 

9.54 

59.04 

5 

151-153 

Tops 

151.68 

95.32 

12.02 

29.31 

53. 992 

247.001 

154-156 

Roots 

21.55 

14.38 

1.34 

1.38 

11.66 

35.93 

157-159 

Nodules 

29.23 

27.21 

2.00 

12.13 

13.08 

56.44 

*Taken  from  Table  15. 
2Obtained  by  difference. 


The  accompanying  graph  (Plate  XV)  shows  clearly  the  relation- 
ship in  which  the  soluble  and  the  insoluble  nitrogen  exist  at  the  various 
periods  of  growth.  In  this  series  the  first  harvest  was  not  made  for 
thirty-eight  days,  and  therefore  the  period  at  which  fixation  began  is 
not  shown.  Attention  has  already  been  called  to  the  low  nitrogen  fixa- 
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tion  found  at  the  last  harvest  in  this  series.  More  results  are  necessary 
to  confirm  the  supposition  of  a possible  loss  in  the  total  nitrogen. 

The  importance  of  the  amount  of  soluble  nitrogenous  compounds 
at  the  various  stages  of  growth  has  not  yet  been  emphasized.  Prelimi- 
nary studies  have  shown  this  soluble  nitrogen  to  be  much  more  rap- 
idly converted  into  ammonia  and  nitrates  than  the  insoluble  nitrogen. 
This  would  seem  to  have  a direct  bearing  upon  practical  methods  of 
handling  leguminous  crops  in  rotations  when  the  shortest  time  must 
intervene  between  the  turning  under  of  the  legume  and  the  planting 
of  the  next  crop.  It  would  seem  desirable  to  choose  that  period  when 
the  greatest  amount  of  soluble  nitrogen  exists. 

Series  500  (Soybeans) 

Soybeans  were  used  in  Series  500.  The  plants  were  placed  out  of 
doors  during  pleasant  days  in  August  and  September.  From  Table  17, 
showing  the  development  at  the  four  harvests,  it  will  be  seen  that 
these  plants  made  a more  rapid  growth  than  those  in  Series  100. 


Table  17. — Plant  Development:  Series  500  (Soybeans) 


Planted 

Harvested 

Age, 

days 

Leaves  and  pods 
per  plant 

Height, 

inches 

Nodules  per 
15  plants 

Aug.  8, 

1911 

Aug. 

22 

14 

3 leaves 

7 

301 

7 7 7 7 

) ) 

Aug. 

30 

22 

4 ” 

10 

278 

7 7 7 7 

y y 

Sept. 

8 

30 

6 ” 

14 

370 

7 7 7 7 

yy 

Sept. 

19 

41 

7-8  ” ; 6 one- 
inch  pods 

14 

247  (la-ge) 

*For  ten  plants. 


The  total  nitrogen  determinations  for  this  series  are  shown  in 
Table  18.  These  results  agree  with  those  shown  in  Table  15,  altho 
they  represent  earlier  stages  of  development. 


Table  18. — Total  Nitrogen  in  Various  Parts  of  Soybeans  and  Fixation 
at  Different  Periods:  Series  500 

(Milligrams  per  jar  of  five  plants) 


Har- 

vest 

Lab. 

Nos. 

Nitro- 
gen in 
tops 

Nitro- 
gen in 
roots 

Nitro- 
gen in 
nodules 

Nitro- 
gen in 
whole 
plants 

Nitro- 
gen in 
seeds 

Nitro- 

gen 

fixed 

1 

511-519 

46.99 

8.50 

.35 

55.84 

57.301 

(-1.46) 

2 

521-529 

47.32 

11.08 

11.05 

69.45 

57.30 

12.15 

3 

531-539 

96.96 

9.76 

17.81 

124.53 

57.30 

67.23 

4 

541-549 

205.40 

18.65 

26.98 

251.03 

57.30 

193.73 

1This  figure  is  approximate  rather  than  exact.  See  note  to  Table  15,  page  529. 


The  separations  in  this  series  differed  from  those  in  Series  100 
in  that  in  this  case  a cold-water  extract  was  made.  The  sub-samples 
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were  placed  in  shaker  bottles  and  the  same  amount  of  water  added 
as  in  the  former  series;  the  bottles  were  then  put  in  a mechanical 
shaker  for  three  hours.  This  method  was  considered  to  be  more  in  ac- 
cord with  natural  conditions  than  the  one  used  in  the  former  series. 
The  nodules  were  filtered  thru  a diatomaceous  earth  filter. 

The  figures  in  Table  19  were  obtained  in  the  same  manner  as  those 
in  Table  16. 


Table  19. — Nitrogen  Separations:  Series  500  (Soybeans) 
(Milligrams  per  jar  of  five  plants) 


Har- 

vest 

Lab. 

Nos. 

Part 

Insol- 

uble 

nitro- 

gen 

Total 

soluble 

nitro- 

gen 

NaOH 

nitro- 

gen 

P.T.A. 

nitro- 

gen 

Other 

nitro- 

gen 

Total 

nitro- 

gen 

1 

511-512 

Tops 

19.48 

25.90 

3.16 

3.31 

19.43 

45.38 

514-515 

Roots 

4.42 

4.48 

.95 

.33 

3.20 

8.90 

517-518 

Nodules 

2 

521-523 

Tops 

29.60 

17.34 

1.18 

4.96 

11.20 

46.94 

524-526 

Roots 

7.97 

2.14 

.00 

.47 

1.67 

10.11 

527-529 

Nodules 

3 

531-533 

Tops 

70.04 

31.64 

2.67 

6.48 

22.49 

101.68 

534-536 

Roots 

8.56 

2.29 

.00 

.70 

1.59 

10.85 

537-539 

Nodules 

16.75 

1.29 

.00 

.33 

.96 

18.04 

4 

541-543 

Tops 

115.39 

76.11 

10.68 

65.43 

191.50 

544-546 

Roots 

13.16 

7.35 

2.06 

5.29 

20.51 

547-549 

Nodules 

22.55 

2.46 

.26 

2.20 

25.01 

Series  700  (Soybeans) 

Soybean  seeds  were  planted  on  September  6 for  this  series,  but 
owing  to  their  damping  off,  the  jars  were  replanted  on  September  13. 
The  seedlings  that  damped  off  were  tested  for  ammonia,  nitrites,  and 
nitrates,  with  negative  results.  The  conditions  of  the  plants  at  the 
various  harvests  are  shown  in  Table  20. 


Table  20. — Plant  Development:  Series  700  (Soybeans) 


Planted 

Harvested 

Age, 

days 

Leaves 
per  plant 

Height, 

inches 

Nodules  per 
15  plants 

Sept.  13,  1911 

Sept.  25 

12 

2 leaves 

5 

Nodules  pres- 
ent too  small 
to  remove 

y i ))  tf 

Oct. 

6 

23 

3 leaves  par- 
tially devel- 
oped 

8-9 

254 

f > ) y yy 

Oct. 

14 

31 

5 leaves 

10-12 

229 

)y  yy  yy 

Oct. 

25 

42 

7 leaves 

12 

288 

534 
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The  figures  reported  in  Table  21  present  the  average  of  duplicates 
of  composite  samples  which  included  the  whole  of  the  material  from 
three  jars.  As  will  be  seen,  these  results  are  concordant  with  those  of 
the  two  series  already  considered. 


Table  21. — Total  Nitrogen  in  Various  Parts  of  Soybeans  and  Fixation 
at  Different  Periods:  Series  700 

(Milligrams  per  jar  of  five  plants) 


Har- 

vest 

Lab. 

Nos. 

Nitro- 
gen in 
tops 

Nitro- 
gen in 
roots 

Nitro- 
gen in 
nodules 

Nitro- 
gen in 
whole 
plants 

Nitro- 
gen in 
seeds 

Nitro- 

gen 

fixed 

1 

711-719 

40.08 

8.88 

48.96 

57.301 

(-8.34) 

2 

721-729 

48.00 

8.93 

7.21 

64.14 

57.30 

6.84 

3 

721-739 

68.32 

11.38 

8.97 

88.67 

57.30 

31.37 

4 

741-749 

110.70 

20.55 

17.22 

148.47 

57.30 

91.17 

JSee  note  to  Table  15,  page  529. 


The  figures  in  Table  22  showing  the  nitrogen  separations  were  ob- 
tained in  the  same  manner  as  those  reported  for  the  nitrogen  fixation 
in  Table  21 ; that  is  to  say,  they  are  the  averages  of  duplicates  of  com- 
posite samples. 


Table  22. — Nitrogen  Separations:  Series  700  (Soybeans) 
(Milligrams  per  jar  of  five  plants) 


Har- 

vest 

Lab. 

Nos. 

Parts 

Insol- 

uble 

nitro- 

gen 

Solu- 

ble 

nitro- 

gen 

P.T.A. 

nitro- 

gen 

Other 

nitro- 

gen 

Total 

nitro- 

gen 

1 

711 

Tops 

9.94 

28.03 

4.70 

23.33 

37.97 

714 

Eoots 

3.87 

4.95 

.39 

4.56 

8.82 

717 

Nodules 

.... 

.... 

.... 

2 

721 

Tops 

23.64 

21.56 

11.96 

9.60 

45.20 

724 

Eoots 

5.50 

2.55 

.77 

1.78 

8.05 

727 

Nodules 

.... 

.... 

3 

731 

Tops 

26.50 

29.05 

13.75 

15.30 

55.55 

734 

Eoots 

7.30 

3.76 

1.10 

2.66 

11.06 

737 

Nodules 

6.30 

1.79 

.10 

1.69 

8.09 

4 

741 

Tops 

46.45 

61.97 

23.75 

38.22 

108.42 

744 

Eoots 

10.67 

6.31 

.61 

5.70 

16.98 

747 

Nodules 

14.52 

2.70 

.00 

2.70 

17.22 

The  close  agreement  of  the  results  of  Series  700  and  500  is  very 
evident  in  the  data  presented.  By  reference  to  the  accompanying 
graph  (Plate  XYI)  it  will  be  seen  more  easily  than  in  the  tabular 
form  that  the  soluble  nitrogen  predominates  in  the  early  growth  of  the 
seedling.  The  amount  decreases  during  this  period,  however,  while 
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the  insoluble  nitrogen  always  increases.  This  is  true  of  the  roots  as 
well  as  the  tops.  It  is  during  the  period  between  the  twelfth  and  the 
twenty-second  days  that  nitrogen  fixation  begins,  according  to  meas- 
urements by  the  most  accurate  chemical  methods.  Detailed  studies 
are  now  being  made  of  the  exact  time  when  fixation  begins. 

Series  600  (Cowpeas) 

Cowpeas  were  used  for  Series  600.  Owing  to  the  smaller  nitro- 
gen content  of  cowpea  seeds,  the  plants  show  a need  of  nitrogen  much 
sooner  than  soybeans,  and  are  therefore  perhaps  better  suited  to  ex- 
perimentation of  this  sort.  The  plants  grown  in  this  series  are  com- 
parable with  the  soybeans  in  Series  500  as  regards  time  and  conditions 
of  growth.  The  data  in  Table  23  show  the  development  of  the  cow- 
peas when  harvested. 


Table  23. — Plant  Development:  Series  600  (Cowpeas) 


Planted 

Harvested 

Age, 

days 

Leaves 
per  plant 

Height, 

inches 

Nodules  per 
15  plants 

Aug.  8, 

1911 

Aug. 

22 

i 14 

3 leaves 

7 

450  (very  small) 

7 y 77 

7 7 

Aug. 

30 

22 

4 ” 

10 

892  (small) 

})  ) f 

7 7 

Sept. 

8 

30 

5 ” 

12 

1074 

77  7 i 

7 7 

Sept. 

19 

41 

6-7  ” 

13-14 

2062 

7 7 7 7 

7 7 

Oct. 

5 

58 

8 ” 

14 

1992 

The  results  given  in  Table  24  show  a fixation  of  nitrogen  at  the 
end  of  fourteen  days  from  the  time  the  seeds  were  placed  in  the  sand. 
The  increased  fixation  is  greater  with  the  cowpeas  in  this  series  than 
with  the  soybeans  in  the  corresponding  series  (500).  The  other  gen- 
eral tendencies  appear  to  be  the  same  as  in  the  other  series. 


Table  24. — Total  Nitrogen  in  Various  Parts  of  Cowpeas  and  Fixation 
at  Different  Periods:  Series  600 

(Milligrams  per  jar  of  five  plants) 


Harvest 

Lab. 

Nos. 

Nitrogen 
in  tops 

Nitrogen 
in  roots 

Nitrogen 
in  nodules 

Nitrogen 
in  whole 
plants 

Nitrogen 
in  unin- 
oculated 
plants 

Nitrogen 

fixed 

1 

611-619 

29.11 

9.05 

1.96 

40.12 

36.741 

3.38 

2 

621-629 

45.46 

10.25 

9.22 

64.93 

36.74 

28.19 

3 

631-639 

91.63 

16.64 

18.52 

126.79 

36.74 

90.05 

4 

641-649 

188.40 

30.28 

42.33 

261.01 

36.74 

224.27 

5 

651-659 

439.64 

73.73 

64.25 

577.62 

36.74 

540.88 

aThis  figure  was  used  as  it  is  a little  larger  than  the  average  nitrogen  con- 
tent for  the  seeds,  34.70  milligrams,  which  would  make  even  a greater  fixation  ap- 
pear at  the  harvest. 


The  results  of  the  separations  are  shown  in  Table  25.  The  figures 
were  obtained  in  the  same  manner  as  those  in  Series  700. 
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Table  25. — Nitrogen  Separations:  Series  600  (Cowpeas) 
(Milligrams  per  jar  of  five  plants) 


Harvest 

Lab. 

Nos. 

Part 

Insoluble 

nitrogen 

Total 

soluble 

nitrogen 

P.T.A. 

nitrogen 

Other 

nitrogen 

Total 

nitrogen 

1 

611-613 

Tops 

15.83 

11.62 

3.68 

7.94 

27.45 

614-616 

Roots 

6.92 

2.13 

.74 

1.39 

9.05 

617-619 

Nodules 

.... 

2 

621-623 

Tops 

23.73 

21.76 

5.88 

15.88 

45.49 

624-626 

Roots 

9.18 

1.89 

.42 

1.47 

11.07 

627-629 

Nodules 

7.54 

2.26 

.92 

1.34 

9.80 

3 

631-633 

Tops 

58.67 

32.54 

10.55 

21.99 

91.21 

634-636 

Roots 

11.18 

5.32 

1.90 

3.42 

16.50 

637-639 

Nodules 

13.69 

4.83 

1.22 

3.61 

18.52 

4 

641-643 

Tops 

97.82 

93.47 

32.49 

60.98 

191.29 

644-646 

Roots 

21.54 

7.61 

2.51 

5.10 

| 29.15 

647-649 

Nodules 

26.74 

15.59 

9.08 

6.51 

42.33 

5 

651-653 

Tops 

216.90 

226.50 

58.50 

168.00 

443.40 

654-656 

Roots 

52.35 

19.87 

5.17 

14.70 

72.22 

657-659 

Nodules 

32.36 

31.89 

20.10 

11.79 

64.25 

The  results  of  this  series  are  also  presented  in  a graph  (Plate 
XVII).  The  curve  of  the  soluble  nitrogen  does  not  show  a decrease, 
possibly  because  the  change  upward  had  taken  place  before  the  end  of 
the  first  fourteen  days,  when  the  first  data  were  taken,  as  cowpeas 
show  an  early  fixation  of  nitrogen  and  develop  extremely  rapidly  un- 
der normal  conditions.  The  same  general  tendencies  hold  thruout  this 
series  as  in  the  others  in  respect  to  the  increase  of  the  soluble  and 
insoluble  nitrogen.  When  the  soluble  and  the  insoluble  nitrogen 
ratios  are  considered,  the  results  in  general  agree  very  closely  in  all 
the  series  regardless  of  time  of  growth  and  kind  of  legume. 


Discussion  of  Tables 

The  results  of  the  total  nitrogen  determinations  of  the  four  series 
show  that,  as  an  average  of  eighteen  harvests,  74  percent  of  the  nitro- 
gen of  the  cowpeas  and  soybeans  was  in  the  tops,  the  remaining  26 
percent  being  divided  between  the  roots  and  the  nodules.  The  figures 
show  that  in  the  first  periods  most  of  the  26  percent  was  in  the  roots, 
while  later  the  nodules  in  some  cases  contained  18  of  the  26  percent. 
In  nine  out  of  seventeen  harvests,  the  nodules  contained  more  nitro- 
gen than  the  roots  of  the  same  plants. 

The  data  showing  the  average  daily  fixation  of  nitrogen  for  five 
plants  in  the  various  series  during  the  different  growing  periods  are 
presented  in  Table  26. 


538 


Bulletin  No.  179 


[March, 


/ N 


Soluble  /jnb  Ingol  uble  N>t  boge  n 

7oF*5'  ^Too  £) N D /\/nZtULE&  OF  c OW-BE  t}£> 


nr 


Jh  F FErf  ENT  f^EFf/OBS  OfUe 


VE L OFr/E/v  j 


SoluGlE 


S&r/e^  6 OO 

Legend 

CD  Insoluble  ■ 


7~of  s 


/4  D*.  Z£  Da.  3011a..  +lEc*.  59JJ< 


Nodule  5 

Plate  XVII 


1915]  A Biochemical  Study  of  Nitrogen  in  Certain  Legumes 


539 


Table  26. — Average  Daily  Fixation  of  Nitrogen  in  All  Series 


Series 

Periods 

Milligrams  per 

in  days 

jar  of  5 plants 

0-38 

1.87 

100 

(Soybeans) 

38-53 

9.72 

53-60 

60-67 

19.84 

6.16 

67-74 

(-17.69) 

0-14 

.00 

500 

14r-22 

1.51 

(Soybeans) 

22-30 

6.88 

30-41 

11.50 

0-12 

.00 

700 

12-23 

.62 

(Soybeans) 

23-31 

3.06 

31-42 

5.43 

0-14 

.24 

600 

(Cowpeas) 

14-22 

3.10 

22-30 

30-41 

7.73 

14.02 

41-58 

17.44 

The  results  included  in  Table  26  seem  to  indicate  that  the  period 
during  which  the  greatest  total  accumulation  of  atmospheric  nitrogen 
takes  place  occurs  between  the  fortieth  and  sixtieth  days  and  coincides 
closely  with  the  period  just  previous  to  seed  formation.  The  greatest 
rate  of  increase  of  fixation  and  assimilation  in  these  series  occurred  in 
the  early  periods  of  growth.  A comparison  of  Series  100  with  the 
other  series  indicates  that  the  growth  of  the  plant  is  closely  related  to 
the  rate  and  the  amount  of  nitrogen  fixed.  The  plants  of  Series  100 
grew  much  slower  than  the  others.  Those  of  Series  500  and  600  made 
the  greatest  growth  in  a given  period,  having  had  the  advantage  of  the 
most  favorable  growing  season,  more  especially  for  the  cowpea,  which 
requires  a higher  temperature  than  the  soybean  for  optimum  growth. 

The  fixation  in  Series  600  for  the  whole  period  of  fifty-eight  daj^s 
was  540.88  milligrams  per  five  plants,  or  an  average  daily  fixation  of 
9.32  milligrams.  The  greatest  fixation  during  any  one  period,  as  is 
evident  from  Table  26,  occurred  with  the  soybeans  in  Series  100  be- 
tween the  fifty-third  and  sixtieth  days,  when  the  daily  average  was 
19.84  milligrams  per  five  plants,  or  nearly  4 milligrams  per  plant  per 
day.  If  this  figure  is  calculated  to  an  acre  basis,  allowing  a stand  of 
four  beans  per  square  foot,  an  accumulation  equivalent  to  one  and 
a half  pounds  of  nitrogen  per  acre  per  day  is  shown. 

The  average  percentages  of  soluble  nitrogen  in  the  four  series 
in  terms  of  total  nitrogen  in  the  particular  part  of  the  plant,  may 
be  of  some  interest,  altho  it  will  be  seen  from  the  accompanying  graphs 
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that  the  amount  depends  upon  the  stage  of  growth  when  the  harvest 
is  made.  These  percentages  were  as  follows: 

Table  27. — Percentages  of  Soluble  Nitrogen  in  Each  Series 
as  an  Average  of  All  Harvests 


(On  the  basis  of  total  nitrogen  in  the  given  part) 


Series 

Tops 

Boots 

Nodules 

100  (Soybeans) 

35.9 

34.7 

42.31 

700  (Soybeans) 

57.7 

39.5 

18.9 

500  (Soybeans) 

41.2 

32.4 

8.5 

600  (Cowpeas) 

45.0 

27.5 

34.0 

JThe  nodules  in  this  series  were  not  filtered  thru  a diatomaceous  earth  filter 
but  thru  an  ordinary  filter  and  are  therefore  not  included  in  the  average  given 
in  the  conclusions. 

The  figures  for  Series  100  represent  soluble  nitrogen  obtained  in 
a hot-water  extract.  Series  500  and  600  are  comparable  with  the 
exception  of  one  being  soybeans  and  the  other  cowpeas.  The  great 
difference  in  the  solubility  of  the  nitrogen  in  the  nodules  is  particu- 
larly noticeable. 

There  was  a gradual  increase  in  the  soluble  nitrogen  in  the  nodules 
of  Series  600  from  the  first  harvest  to  the  last,  the  percentages  on  the 
basis  of  total  nitrogen  being  23,  26,  37,  and  49.  A fact  not  brought  out 
in  the  figures  showing  the  soluble  nitrogen  is  that  in  Series  700  and 
500  an  extremely  high  soluble-nitrogen  content  was  found  in  the  tops 
and  the  roots  at  the  first  harvest.  In  Series  700  the  percentage  in 
the  tops  was  74,  in  Series  500,  57 ; while  in  the  roots  in  Series  700 
the  percentage  was  56,  and  in  Series  500,  50. 

On  the  basis  of  total  nitrogen,  the  percentage  of  Other  nitrogen 
in  each  series,  as  an  average  of  all  harvests,  was  as  shown  in  Table  28. 
Other  nitrogen  is  the  difference  between  the  total  soluble  nitrogen  and 
that  precipitated  by  P.T.A.  and  NaOH.  It  has  been  shown  that  a 
part  of  this  nitrogen  consists  of  amino  acids,  but  as  yet  the  total 
amount  is  unknown. 


Table  28. — Percentages  of  Other  Nitrogen  in  Each  Series 
as  an  Average  of  All  Harvests 

(On  the  basis  of  total  nitrogen  in  the  given  part) 


Series 

Tops 

Boots 

Nodules 

100  (Soybeans) 

25.1 

29.3 

700  (Soybeans) 

36.1 

32.8 

18.2 

500  (Soybeans) 

30.7 

23.1 

6.9 

600  (Cowpeas) 

28.3 

17.2 

16.6 

The  percentages  of  nitrogen  precipitated  by  P.T.A.  were  as  shown 
in  Table  29.  The  variations  as  regards  the  tops  are  not  easily  ex- 
plainable. Undoubtedly  there  is  a larger  error  in  the  P.T.A.  deter- 
minations than  in  the  others.  The  nodules  of  Series  600  contained 
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large  amounts  of  nitrogen  which  were  precipitated  by  this  reagent, 
the  percentages  at  the  harvests,  from  the  second  to  the  last,  on  the 
basis  of  total  nitrogen  being  9,  7,  21,  and  31. 


Table  29. — Percentages  of  P.T.A.  Nitrogen  in  Each  Series 
as  an  Average  of  All  Harvests 

(On  the  basis  of  total  nitrogen  in  the  given  part) 


Series 

Tops 

Boots 

Nodules 

100  (Soybeans) 

7.00 

3.0 

700  (Soybeans) 

21.10 

6.6 

1.6 

500  (Soybeans) 

6.75 

6.0 

1.4 

600  (Cowpeas) 

13.40 

7.3 

17.0 

The  nitrogen  obtained  by  distillation  with  sodium  hydroxid  ap- 
parently is  not  precipitated  by  P.T.A.,  as  the  percentage  of  Other 
nitrogen  decreases  without  exception  when  sodium  hydroxid  is  used. 
However,  no  definite  conclusions  can  be  drawn  regarding  the  use  of 
sodium  hydroxid. 

CONCLUSIONS 

PART  I 

1.  The  experiments  reported  show  conclusively  that  the  cowpea 
and  the  soybean  utilize  atmospheric  nitrogen  thru  their  roots  and 
not  thru  their  leaves.  No  combined  nitrogen  could  have  been  assimi- 
lated in  these  gas  experiments. 


PART  II 

2.  The  total  nitrogen  determinations  show  that  about  74  per- 
cent of  the  nitrogen  of  cowpeas  and  soybeans  at  the  time  of  harvest  is 
in  the  tops,  while  the  remainder  is  distributed  between  the  roots  and 
the  nodules.  In  the  earlier  periods  the  roots  contain  the  larger  part, 
while  later  they  contain  much  the  smaller  part. 

3.  The  percentage  of  soluble  nitrogen  in  soybeans  and  cowpeas 
varies  with  the  different  parts  of  the  plant  and  with  the  period  of 
growth.  In  these  experiments  the  soluble  nitrogen,  as  an  average, 
constituted  in  the  tops  about  45  percent  of  the  total  nitrogen;  in 
the  roots,  34  percent ; in  the  nodules  of  the  soybeans,  14  percent,  and 
in  the  nodules  of  the  cowpeas,  34  percent. 

4.  Phosphotungstic  acid  usually  precipitates  some  form  of  nitro- 
gen. In  some  cases  the  amounts  precipitated  vary  widely,  while  in 
others  the  agreement  is  close.  In  these  series  the  nitrogen  precipitated 
by  phosphotungstic  acid  averaged  in  the  tops  of  both  soybeans  and 
cowpeas  about  12  percent  of  the  total  nitrogen;  in  the  roots,  5.5  per- 
cent ; in  the  nodules  of  the  soybeans  1 percent,  and  in  the  nodules  of 
the  cowpeas,  17  percent. 


542 


Bulletin  No.  179 


[March, 


5.  Other  forms  of  soluble  nitrogen  than  those  precipitated  by 
phosphotungstic  acid  and  sodium  hydroxid  occur.  In  these  series 
they  constituted  as  an  average  in  the  tops  of  both  soybeans  and  cow- 
peas  about  68  percent  of  the  soluble  nitrogen;  in  the  roots,  77  per- 
cent; in  the  nodules  of  soybeans,  89  percent,  and  in  the  nodules  of 
cowpeas,  53  percent. 

6.  Fixation  takes  place  at  a very  early  period  in  the  growth  of 
the  seedling — sometimes  within  fourteen  days.  It  is  rapid  in  some 
cases,  especially  with  cowpeas. 

7.  Plants  grown  under  the  conditions  of  these  experiments  con- 
tain no  ammonia,  nitrites,  or  nitrates,  as  measured  by  the  most  ac- 
curate chemical  methods. 


It  is  fully  recognized  that  this  work  is  incomplete,  yet  it  is  hoped 
that  the  study  may  aid  in  stimulating  interest  in  some  of  these  funda- 
mental problems.  The  lack  of  development  of  the  various  chemical 
methods  used  is  partially  responsible  for  some  of  the  difficulties  ex- 
perienced in  their  application.  The  survey  presented  of  the  chemical 
literature  indicates  a scarcity  of  existing  knowledge  regarding  the 
more  fundamental  problems  concerning  nitrogen  fixation. 

The  biological  resume  points  clearly  to  the  need  of  more  extended 
research  along  these  lines.  This  is  strikingly  noticeable  in  the  bac- 
teriological studies  which  have  been  undertaken  with  B.  radicicola. 
Few  cases  are  on  record  in  which  the  authors  actually  proved  out 
their  cultures  at  the  termination  of  their  investigations  by  inocula- 
tion of  a legume  of  the  kind  from  which  the  organism  originally  came. 


The  author  takes  this  opportunity  to  express  his  gratitude  to 
Professors  C.  G.  Hopkins  and  J.  H.  Pettit  for  the  many  valuable  sug- 
gestions they  have  so  kindly  given  him. 
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OBSERVATIONS  AND  EXPERIMENTS  ON 
THE  SAN  JOSE  SCALE 


By  STEPHEN  A.  FORBES,  State  Entomologist 

The  product  of  a considerable  amount  of  field  and  laboratory 
work  on  the  San  Jose  scale,  much  of  which  was  done  or  begun  under 
the  immediate  supervision  of  Jas.  A.  West,  of  my  office  staff,  has 
lain  for  some  time  in  the  form  of  field  notes  and  unfinished  manu- 
script prepared  by  Mr.  West  before  his  lamented  death  in  1909.  Lapse 
of  time  and  the  studies  of  others  have  made  some  of  this  material  obso- 
lete; but  such  part  of  it  as  is  here  presented  seems  still  useful  and 
worthy  of  publication.  The  larger  part  of  this  paper  relates,  indeed,  to 
a series  of  experiments  not  yet  finished  in  1909,  but  continued  for  two 
years  thereafter,  and  reported  now  from  the  original  field  notes  made 
partly  by  Mr.  West,  but  mainly  by  W.  P.  Flint  and  L.  M.  Smith, 
who  were  his  aids  also  in  the  earlier  work. 

The  San  Jose  Scale  on  Fruits 

The  San  Jose  scale  infests  not  only  the  trunk,  limbs,  and  leaves, 
but  also  the  fruit  of  trees,  often  so  marking  the  fruit  as  to  make  it 
unfit  for  sale.  The  danger  of  dissemination  by  this  means  is,  how- 
ever, very  slight,  since  the  fruit  itself  or  the  parings  from  it  are 
little  likely  to  be  so  placed  that  young  insects  from  them  can  secure 
a lodgment  or  a suitable  breeding-place.  Our  attention  was  especially 
called  to  this  subject  by  a statement  made  in  a bulletin  of  the  Divi- 
sion of  Zoology  of  the  Pennsylvania  State  Department  of  Agriculture 
(Yol.  IY,  No.  7,  November,  1906)  which  says,  referring  to  the  San 
Jose  scale:  “Its  abundance  upon  fruit  of  any  kind  need  not  be  con- 
sidered alarming,  as  it  can  not  possibly  spread  from  fruit  that  has 
begun  to  ripen,  because  it  dies  on  such  fruits  and  can  not  reproduce 
from  them.  In  Bulletin  No.  8 of  the  same  series,  the  same  writer 
says:  “This  pest  dies  upon  the  fruit  as  soon  as  it  ripens,  and  con- 
sequently there  is  no  danger  of  disseminating  or  spreading  it  by  this 
means. 9 ’ 

October  3,  1906,  Mr.  West  obtained  three  ripe  Jonathan  apples 
infested  by  the  San  Jose  scale  and  kept  them  under  observation  on 
his  office  table.  The  scale  multiplied  readily  on  all  of  them.  One 
of  the  apples  was  kept  until  November  29,  at  which  time  there  were 
more  than  thrice  as  many  well-developed  San  Jose  scales  on  it  as  in 
the  beginning,  and  most  of  them  were  alive.  There  were  also  many 
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newly  set  young  upon  it,  and  crawling  young  were  seen  just  before 
it  was  peeled  and  eaten. 

December  11,  1907,  two  infested  Ben  Davis  apples  were  taken 
from  a package  which  had  been  in  cold  storage,  and  were  placed  in 
a warm  room.  Crawling  young  appeared  on  them  after  ten  or  twelve 
days,  and  some  of  these  set  and  began  to  develop.  One  of  these  apples 
was  kept  two  weeks  and  the  other  twenty-six  days,  and  on  the  twenty- 
fifth  day  three  crawling  young  were  seen. 

The  Life  History  of  the  San  Jose  Scale  in  Illinois 

The  only  detailed  experimental  studies  of  the  life  history  of  the 
San  Jose  scale  hitherto  published  are  those  of  Theodore  A.  Pergande, 
in  Howard  and  Marlatt ’s  comprehensive  discussion  of  this  insect, 
which  appeared  in  1896. # According  to  this  report,  four  complete 
generations  of  the  San  Jose  scale  were  regularly  bred  at  Washing- 
ton, with  the  possibility  of  a partial  fifth  generation,  and  the  astound- 
ing total  of  3,216,080,400  was  given  as  the  possible  number  of  de- 
scendants from  a single  female  in  a single  season. 

Noticing  that  in  these  breeding  experiments  no  account  was  taken 
of  the  difference  in  the  number  of  annual  generations,  and  conse- 
quently in  the  number  of  descendants  produced  by  the  first-born  of 
the  first-born  of  each  generation,  and  by  the  last-born  of  the  last- 
born  of  the  same  series — a consideration  to  which  attention  was 
ealled  by  the  writer  in  1906 f — it  was  thought  best  to  duplicate  these 
studies  at  Urbana  by  methods  which  would  bring  this  factor  into 
view;  and  the  problem  was  assigned  to  Mr.  West  for  solution  in  1908. 

Young  and  vigorous  trees  of  the  Ben  Davis  variety,  on  which 
the  insect  multiplies  freely,  were  selected  for  the  purpose ; and  glass 
rings  10  mm.  in  height  and  35  mm.  in  interior  diameter  were  fixed 
on  the  tree  by  means  of  paraffin  or  wax.  Into  one  of  these  cylinders 
were  put  crawling  young  which  were  to  start  a new  generation.  The 
ring  was  covered  either  with  a band  of  closely  woven  muslin  or  with 
glass.  Cylinders  with  glass  covers  were  not  satisfactory,  however,  if 
so  placed  as  to  receive  the  direct  rays  of  the  summer  sun,  and  the 
cells  were  almost  invariably  placed  on  a shaded  part  of  the  tree.  It 
was  our  plan  to  rear  two  series  of  generations,  starting  in  each  case 
with  the  first  and  the  last  young  of  each  brood  of  the  insects.  By 
taking  the  first-born  of  each  brood,  the  generations  were  brought  as 
close  together  as  possible,  giving  the  maximum  number  for  the  sea- 
son. By  taking  the  last-born  of  each  brood,  the  generations  were 
separated  as  widely  as  possible,  giving  the  minimum  number  for  a 
season. 

*Bull.  3,  N.  S.,  Div.  Ent.,  IT.  S.  Dept.  Agr.,  p.  43. 

tThe  Oorn  Boot-aphis  and  its  Attendant  Ant.  Bull.  60,  Bur.  Ent.,  U.  S. 
Dept.  Agr.,  1906,  p.  31. 
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Two  hibernating  females  found  producing  young  on  May  30 
(the  first  larvae  of  the  season  to  appear)  were  surrounded  by  cells 
as  above  described,  and  several  of  the  first  young  born  from  them 
were  carefully  transferred  on  a camel’s  hair  brush  to  similar  cells. 
In  this  manner  two  colonies  were  started  from  two  similar  parents; 
and  they  were  carried  thru  the  season,  with  a break,  however,  in  one 
of  them,  caused  by  the  melting  in  July  of  the  paraffin  which  fastened 
the  cell  to  a limb  of  the  tree.  The  following  diagram,  devised  by 
Mr.  West,  gives  a complete  view  of  the  generations  of  the  San  Jose 
scale  as  they  were  thus  reared  in  the  open  air  at  Urbana,  111.,  during 
the  season  of  1908.  The  oblique  lines  indicate  the  growing  period 
of  the  young  insects;  the  horizontal  lines,  the  period  of  maturity 
during  which  young  were  produced;  and  each  bent,  but  unbroken, 
line  represents  the  entire  period  of  the  generation,  except  that  no 
account  was  taken  of  the  life  of  the  female  after  she  had  ceased  to 
reproduce.  An  x on  the  diagram  indicates  the  point  of  origin  of 
a generation  from  the  first-born  young  of  a brood ; and  a z,  the  point 
of  origin  of  a generation  from  the  last-born  young.  The  W at  the 
left  indicates  a hibernating  female  from  which  the  series  originated, 
and  the  W’s  at  the  right  indicate  the  groups  of  hibernating  young 
produced. 


Fig.  1. — Diagram  of  Animal  Generations  descending  from  one  Hibernating 
Female.  Urbana  experiment. 
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One  of  the  two  hibernating  females,  born  the  preceding  year, 
brought  forth  109  young  between  May  30  and  July  9.  The  first- 
born of  these,  belonging  to  the  first  generation  of  the  year,  produced 
442  young  from  July  9 to  August  22.  The  first-born  of  this  second 
generation  produced  491  young  between  August  14  and  September 
28,  and  the  first-born  of  this  third  generation  brought  forth  235 
young  between  September  17  and  October  25.  The  earliest  descend- 
ants of  this  third  generation  were  but  partly  grown  when  the  winter 
came  on.  This  fourth  generation  thus  forms,  of  course,  a part  of 
the  hibernating  group  corresponding  to  that  with  which  the  series 
started.  There  were  thus  four  generations  in  a year  of  this  series 
of  the  first-born,  the  number  of  young  for  each  female  of  the  suc- 
cessive generations  being  109,  442,  491,  and  235  respectively — an 
average  of  319  to  the  generation.  The  last-born  of  this  hibernating 
female  appeared  July  9,  but  these  were  lost  by  the  accident  mentioned 
above. 

Turning  now  to  the  second  female  of  the  hibernating  generation, 
with  which  a second  parallel  series  of  breedings  began,  we  find  that 
this  female  produced  between  May  30  and  July  15,  186  young  of  a 
first  generation ; that  the  first-born  of  this  generation  brought  forth, 
between  July  12  and  August  24,  503  young  of  the  second  generation; 
that  the  earliest  born  of  these  produced,  between  August  17  and 
September  29,  528  young  of  a third  generation;  and  that  from  the 
first-born  of  these,  262  young  of  the  fourth  or  hibernating  generation 
were  produced  between  September  19  and  October  28.  We  thus  have 
four  annual  generations  of  the  first-born  of  this  series  also,  with  186, 
503,  528,  and  262  young  in  the  successive  series — an  average  of  369 
to  the  generation. 

The  last-born  of  the  hibernating  female  with  which  this  second 
series  began  appeared  July  15,  and  the  last-born  of  the  498  young 
produced  by  this  first-generation  parent  appeared  October  1.  These 
were  not  yet  mature  when  the  winter  overtook  them,  and  they  form 
a part,  of  course,  of  the  hibernating  group.  This  gives  us  but  two 
annual  generations  of  the  last-born  series — but  two  “ complete’ ’ gen- 
erations— and  an  average  for  the  year  of  three  generations  when  both 
first-born  and  last-born  series  are  taken  into  account. 

By  reference  to  the  diagram  it  will  be  seen  that  there  are  three 
other  lines  of  succession  intermediate  between  these  two  extremes, 
and  that  each  of  these  three  lines  represents  three  generations,  mak- 
ing a total  of  sixteen  generations  for  the  five  lines  or  an  average, 
again,  of  three  generations  for  the  whole  group.  It  will  also  be  seen 
from  this  diagram  that  the  generations  represented  by  the  San  Jose 
scales  present  and  alive  in  each  month  were  as  follows:  May,  the 
hibernating  generation;  June,  the  hibernating  and  first  generations; 
July,  the  hibernating,  first,  and  second;  August,  the  first,  second, 
and  third;  September,  the  first,  second  and  third,  and  the  fourth, 
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which  is  part  of  the  hibernating  generation  to  continue  into  the  follow- 
ing year ; and  October,  the  second,  third,  and  fourth.  The  hibernating 
assemblage  contains  representatives  of  at  least  three  generations — the 
second,  third,  and  fourth  of  the  season — and  these  are  of  all  ages,  from 
young  just  fixed  to  those  adult  and  quite  ready  to  reproduce,  or  per- 
haps with  a part  or  all  of  their  brood  already  brought  forth. 

A comparison  of  the  intervals  between  birth  and  maturity  shows, 
as  might  have  been  expected,  shorter  growth  periods  with  the  ad- 
vancement of  the  season,  those  of  three  successive  generations  of  the 
descendants  of  the  first  overwintering  female  being  40,  37,  and  34 
days  respectively,  and  those  of  the  second  overwintering  female  be- 
ing 43,  37,  and  33  days.  The  reproductive  periods  of  the  successive 
generations  differ  little  in  length,  but  widely  in  productivity,  the 
June  and  October  generations  containing  fewer  young  than  those 
brought  forth  in  July,  August,  and  September.  The  October  young, 
indeed,  were  all  produced  during  intervals  of  warm  weather  between 
periods  of  heavy  frost. 

Evidently  there  can  be  no  computation  worth  making  of  the 
actual  or  possible  rate  of  multiplication  of  the  San  Jose  scale  which 
does  not  take  account  of  the  facts  here  given  concerning  the  maximum 
and  minimum  numbers  of  the  generations  of  the  annual  cycle,  as 
shown  by  the  first-born  and  the  last-born  series  respectively,  together 
with  the  proportion  of  each  generation  which  are  males  and  of  the 
various  rates  of  multiplication  in  different  parts  of  the  season.  On 
the  basis  of  the  above  data  of  West’s  experiment,  together  with  Per- 
gande’s  percentages  of  males  and  females  for  the  different  genera- 
tions, P.  A.  Glenn,  of  my  office  staff,  has  worked  out  a day  by  day 
computation  of  births  and  deaths  of  both  males  and  females  for  the 
period  of  152  days  during  which  reproduction  was  in  progress  at 
Urbana,  with  the  result  that  there  would  have  been  produced  by 
October  28,  under  ideal,  optimum  conditions,  32,791,472  descendants 
of  a single  female  of  the  hibernating  generation,  of  which  32,440,025 
would  have  been  still  alive,  49.4  percent  would  have  been  a week 
old  or  less,  27.6  percent  between  one  and  two  weeks  old,  13.6  percent 
between  two  and  three  weeks,  5.5  percent  between  three  and  four 
weeks,  and  1.11  percent  more  between  four  and  five  weeks  old,  and 
only  2 percent  would  have  been  mature. 

I am  assuming  that,  as  the  average  growth  period  at  Urbana  was  37 
days,  each  week  after  birth  would  add  about  one  fifth  of  the  growth  to 
adult  size.  The  import  of  these  figures  may  be  better  realized  if  they  are 
expressed  in  the  area  which  the  total  number  of  scales  present  in 
their  various  sizes  October  28  would  cover  if  placed  in  a single  layer 
edge  to  edge.  The  average  diameter  of  an  equal  number  of  male  and 
female  scales  is  1.1  mm.  Taking  this  at  1 mm.  and  making  propor- 
tionate allowance  for  the  lesser  size  of  the  scales  at  the  various  stages 
of  growth,  we  find  that  the  entire  product  of  reproduction  alive  Octo- 
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ber  28  is  equivalent  to  8,803,283  adult  scales — a number  sufficient 
to  cover  94.8  square  feet. 

Even  this  estimate  of  a possible  product  of  multiplication  must 
be  regarded  as  excessive  if  we  take  note  of  the  fact,  reported  by 
Lowe  and  Parrott,  of  New  York,*  that  an  average  of  nearly  40  per- 
cent of  the  young  scales  may  perish,  apparently  from  mere  physi- 
ological causes,  without  settling  down  to  feed  and  secrete  the  pro- 
tecting scale.  In  Mr.  West’s  studies  no  attempt  was  made  to  trace 
the  fate  of  any  of  the  young  except  those  chosen  as  parents  of  the 
generation  to  follow. 

These  data  of  the  Urbana  experiment,  obtained  from  a repro- 
duction season  beginning  May  30  and  closing  October  28,  no  doubt 
give  us,  however,  a product  very  much  smaller  than  might  be  worked 
out  for  southern  Illinois,  and  probably  a larger  product  than  the 
northern  Illinois  normal  rate  of  increase.  More  than  75  percent  of 
the  entire  theoretical  product  of  the  season  was  but  two  weeks  old 
or  less  October  28,  and  8 percent  of  the  scale  insects  alive  at  that 
date  would  have  been  but  one  day  old.  A relatively  slight  lengthen- 
ing of  the  period  of  reproduction  would  evidently  have  added  enor- 
mously to  the  total  number  produced.!  At  Alton,  crawling  young 
were  seen,  in  1908,  up  to  November  9,  and  in  1906  newly  born  young 
were  found  by  R.  D.  Glasgow,  in  Williamson  county,  January  4.  It 
is  certain  that  young  fruit-trees  are  much  more  rapidly  destroyed 
in  southern  Illinois  by  San  Jose  scale  than  in  the  northern  part  of 
the  state,  and  that  the  scale  spreads  more  rapidly  there  and  is  more 
difficult  to  keep  in  check;  and  our  experience  also  shows  that  in- 
festation by  this  insect  is  decidedly  more  injurious  to  susceptible 
plants  in  southern  Illinois  than  it  is  in  the  central  part  of  the  state. 

Tests  of  Orchard  Sprays 

Comparative  tests  of  orchard  sprays  for  the  San  Jose  scale  have 
been  many  times  made,  with  the  general  result  that  the  modern  lime- 
sulphur  preparations  have  come  into  very  general  use;  and  they 
seem  likely  to  maintain  this  lead  particularly  by  reason  of  a special 
value  as  fungicides  which  gives  them  an  advantage  over  the  petroleum 
preparations,  their  only  real  competitors.  Nevertheless,  careful  ex- 
periments made  by  the  office  force  of  the  State  Entomologist  from 
1907  to  1911  seem  still  worthy  of  report,  at  least  as  a part  of  the 
permanent  record. 

It  was  the  principal  purpose  of  these  experiments,  which,  be- 
ginning in  the  fall  of  1907,  were  planned  to  continue  for  five  years 
upon  the  same  orchards,  to  learn  whether  it  was  possible  to  redeem 

*Bull.  193,  N.  Y.  State  Agr.  Exper.  Sta.,  Dec.,  1900,  p.  355. 
fin  another  paper  of  this  report,  this  fact  is  taken  into  account  in  a compu- 
tation of  the  product  of  periods  ten  days  shorter  and  ten  days  longer  than  the 
above. 
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orchards,  already  considerably  or  badly  infested  and  situated  in  a 
generally  infested  territory,  by  measures  which  would  make  this 
economically  worth  while;  and  at  the  same  time  to  show  which  of 
the  various  treatments  used  was  the  most  successful  and  the  most 
profitable.  This  purpose  was  in  part  defeated,  however,  by  the  failure 
of  a company  with  which  our  contract  for  insecticide  supplies  was 
made  to  deliver  the  materials  ordered  in  time  for  use  in  1910.  A 
breakdown  in  their  factory  of  which  we  were  not  notified  until  it 
was  too  late  to  obtain  supplies  from  another  source,  prevented  our 
spraying  these  orchards  in  that  year,  and  the  San  Jose  scale  conse- 
quently multiplied  for  a season  without  restraint.  These  orchards 
were  saved  notwithstanding,  and  are  now  in  profitable  use,  but  at  a 
heavier  loss  and  a greater  expense  than  was  necessary. 

Experiments  op  1907-08 

Two  apple  orchards,  originally  of  1200  and  1600  trees  respect- 
ively, belonging  to  James  M.  Etherton  and  Homer  Etherton,  and 
situated  about  eight  miles  south  of  Murphysboro,  Jackson  county,  in 
southern  Illinois,  were  selected  for  these  tests.  Both  contained  Ben 
Davis  and  Winesap  apple-trees,  so  set  in  the  spring  of  1903  with 
two-year-old  nursery  stock  that  the  orchards  could  be  readily  divided 
into  similar  experimental  plots  of  sufficiently  large  size  to  permit  the 
omission  of  the  marginal  rows  of  the  plots  and  the  use,  for  compara- 
tive purposes,  of  the  central  rows  only.  This,  as  will  be  shown,  is 
an  essential  point  in  experiments  of  this  description,  since  check  and 
experimental  plots  placed  side  by  side  influence  each  other  in  a way 
to  diminish  the  infestation  of  the  margins  of  the  former  and  to  in- 
crease those  of  the  latter. 

Infestation  data  were  obtained  by  a critical  inspection  and  grad- 
ing as  described  in  an  earlier  article  on  “Comparative  Experiments 
with  Various  Insecticides  for  the  San  Jose  Scale,’ ’ published  in  the 
Twenty-fourth  Report  of  this  office,  pages  59-77. 

GRADING  OF  THE  TREES 

The  trees  in  the  experimental  orchards  were  carefully  examined, 
one  by  one,  November  11  and  12,  1907,  by  W.  P.  Flint  and  L.  M. 
Smith,  of  the  State  Entomologist’s  staff,  under  the  general  super- 
vision of  Mr.  West.  These  inspectors  worked  together  until  it  was 
evident  that  their  procedure  was  uniform,  after  which  they  worked 
separately.  The  trees  were  graded  on  a scale  of  10  degrees,  the  sev- 
eral grades  having  the  following  significance: — 

1 signifies  a tree  infested  by  a trace  of  the  San  Jose  scale — so 
very  slightly  infested  that  one  must  search  to  discover  the  insects; 
2,  a tree  slightly  infested, — that  is,  having  scattered  scales  upon  it, 
nowhere  clustered  and  yet  fairly  numerous;  3,  a tree  slightly  in- 
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f ested,  with  the  insects  showing  a tendency  in  places  to  form  clusters ; 
4,  a tree  with  scales  which  show  a decided  tendency  towards  the  for- 
mation of  clusters,  yet  have  parts  but  slightly  infested;  5,  a mod- 
erately infested  tree,  the  scales  being  fairly  abundant  over  the  entire 
tree,  and  frequently  forming  groups  or  clusters;  6,  a tree  mostly 
moderately  infested,  but  with  some-  parts  so  badly  infested  as  to  be 
evidently  suffering;  7,  a tree  considerable  parts  of  which  are  badly 
infested,  yet  having  parts  infested  to  only  a moderate  degree;  8,  a 
tree  for  the  most  part  badly  infested,  but  not  incrusted,  evidently 
suffering  from  the  attack  of  the  scale ; 9,  a tree  badly  infested,  with 
some  parts  incrusted;  and  10,  an  incrusted  tree.  Cases  where  the 
scale  was  peculiarly  distributed  on  a tree,  making  its  classification 
difficult,  were  decided  by  consultation.  I am  told,  however,  by  the 
inspectors  grading  these  trees,  that,  in  practice,  the  grades  between 
1 and  10  were  essentially  estimates  of  the  relative  parts  of  the  sur- 
face of  the  tree  occupied  by  the  scales,  a grade  of  four,  for  example, 
indicating  that  twice  as  much  surface  was  infested  as  in  grade  2, 
and  so  on.  It  was  found  that  the  trees  could  be  readily  graded,  for 
the  most  part,  on  this  scale  and  that  the  two  men  working  inde- 
pendently would  agree  almost  exactly  in  their  estimate  of  the  inten- 
sity of  the  infestation.  The  orchard  containing  originally  1200  trees 
was  generally  and  badly  infested,  while  the  other,  containing  originally 
1600  trees,  was  infested  much  more  moderately. 

THE  EXPERIMENTAL  PLOTS 

Four  insecticides  were  tested  in  this  year’s  operations  in  a way 
to  compare  for  each  the  relative  effects  of  a single  fall  application, 
a single  spring  application,  and  two  applications,  one  in  fall  and 
the  other  in  spring.  The  more  heavily  infested  orchard  (No.  I), 
showing  an  average  infestation  of  7.4  degrees,  was  divided  into  five 
plots,  one  of  which  was  reserved  as  a check,  and  the  remaining  four 
were  treated  fall  and  spring  with  the  four  insecticides.  The  check 
plot  was  six  rows  wide,  plots  2 and  3 were  fourteen  rows  wide,  and 
plots  4 and  5,  thirteen  rows.  Orchard  No.  II,  the  infestation  of 
which  averaged  3.9  degrees,  was  divided  into  nine  plots,  one  of  which 
was  reserved  as  a check,  the  remainder  being  used  to  test  the  effect 
of  a single  application  of  each  of  the  four  insecticides  in  fall  and  in 
spring.  These  plots  were  six  rows  wide,  except  the  one  nearest  the 
check  (7),  which  was  made  ten  rows  wide  in  order  that  a more  liberal 
allowance  might  be  made  for  the  influence  of  the  check  plot  upon  the 
experimental  plot  adjoining  than  for  the  effects  of  adjacent  experi- 
mental plots  upon  each  other. 

INSECTICIDES 

The  lime-sulphur  mixture  applied  was  the  15,  15,  50  preparation 
in  general  use  by  us  in  1908.  Fifteen  pounds  each  of  sulphur  and 
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fresh  stone-lime  were  boiled  together  for  forty-five  minutes,  to  make 
a strong  solution,  and  this  was  then  diluted  with  cold  water  to  make 
fifty  gallons.  This  4 ‘ home-made ’ ’ was  compared  with  the  “Rex” 
lime-sulphur  solution  of  the  Rex  Company,  of  Nebraska,  one  part 
of  which  was  used  with  eleven  parts  of  wrater ; with  Scalecide,  made 
by  the  B.  G.  Pratt  Company,  of  New  York,  one  part  to  twenty  of 
water;  and  with  the  Target  Brand  Scale  Destroyer  made  by  the 
American  Horticulture  Distributing  Co.,  of  West  Virginia,  one  part 
to  twenty  of  water. 

These  insecticides  were  applied  with  an  Eclipse  No.  6 pump 
carrying  two  leads  of  hose  and  10-foot  extension-rods.  Each  of  the 
extension-rods  was  provided  with  a double  Vermorel  nozzle.  The 
spray  barrel  was  thoroly  cleansed  when  the  change  was  made  from 
one  insecticide  to  another.  New  nozzle  caps  having  an  aperture  of 
about  three-fourths  mm.  diameter  were  used,  caps  showing  any  wear 
being  discarded.  A constant  strong  pressure  was  maintained  on  the 
pump  so  that  the  spray  was  finely  divided,  “singing”  as  it  left  the 
nozzle.  The  various  insecticides  were  applied  in  as  thoro,  uniform, 
and  fair  a way  as  possible. 

In  Orchard  No.  I the  home-made  lime-sulphur  wash  and  the  Rex 
lime-sulphur  solution  were  applied  to  plots  2 and  3,  November  19, 
1907 ; the  Target  Brand  and  Scalecide  on  plots  4 and  5,  November 
23.  The  same  plots  were  treated  in  the  same  way  a second  time 
March  11  and  12,  1908.  Plots  7 to  10  inclusive,  of  Orchard  No.  II, 
were  sprayed  November  24,  1907,  and  plots  11  to  14  inclusive  were 
sprayed  March  12  and  13,  1908. 

FINAL  GRADING 

October  5,  1908,  all  the  trees  in  these  orchards  were  graded  a 
second  time  by  Mr.  Flint  and  Mr.  Smith.  Mr.  Smith  knew  nothing 
of  the  details  of  the  experiment.  Altho  Mr.  Flint  assisted  in  spraying 
the  trees  in  November,  1907,  he  was  not  in  the  orchards  again  until 
the  final  grading  of  the  trees,  and  the  stakes  which  marked  the  plots 
had  in  the  meantime  been  removed. 

Results  of  Treatment. — The  results  of  a spraying  operation  may 
be  stated  in  a way  to  compare  the  condition  of  the  experimental  plot 
at  the  time  of  spraying  with  its  condition  after  the  lapse  of  a season 
has  made  it  possible  to  spray  again.  The  ratio  of  these  two  stages 
of  infestation,  the  original  and  the  final  stage,  I have  called  the  ratio 
of  improvement  or  the  ratio  of  loss  or  gain.  If  there  is  a check  plot 
in  the  series,  the  rate  of  progress  of  its  infestation  during  the  season 
may  be  used  to  show  the  stage  of  infestation  which  the  experimental 
plot  would  have  reached  if  no  spraying  had  been  done,  and  the 
original  infestation  of  this  plot  may  be  compared  with  this  theoretical 
final  stage,  so  ascertained.  The  ratio  of  these  two  stages  I have 
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called  the  ratio  of  benefit.*  In  the  following  table  both  these  ratios 
are  shown  for  Orchard  II,  but  the  ratios  of  benefit  are  not  given  for 


Etherton  Orchards,  1907-08 
Orchard  I 


Plot 

Trees 

exam 

ined 

Treatment 

Bate 

In- 

festa- 

tion 

1907 

In- 

festa- 

tion 

1908 

Loss 
(— ),or 
gain 
(+) 

Per  ct. 
of  loss 
or 

gain 

Per  ct. 
of 

benefit 

1 

64 

I None  (check) 

6.265 

8.323 

—2.058 

—32.9 

2 

148 

Lime-Sulphur 

15  L.,  15  S.,  50  W. 

Nov.  19 
March  11 

8.4 

5.8 

+2.6 

+31. 

3 

149 

Rex  Lime-Sulphur, 

1 part;  water,  11 

Nov.  19 
March  11 

8.8 

5.95 

+2.85 

+34.4 

4 

222 

Target  Brand, 

1 part;  water,  20 

Nov.  23 
March  11 

7.6 

6.1 

+1.5 

+20. 

5 

181 

Scalecide, 

Nov.  23 

1 part;  water,  20 

March  12 

5.9 

4.2 

+1.7 

+28.8 

Orchard  II 


6 

86 

None  (check) 

3.44 

4.56 

—1.12 

—32.5 

7 

109 

Lime-Sulphur 

15  L.,  15  S.,  50  W. 

Nov.  24 

4.33 

2.65 

+1.68 

+38.4 

53.8 

8 

108 

Rex  Lime-Sulphur, 

1 part;  water,  11 

Nov.  24 

4.04 

2.65 

+1.39 

+40.4 

50.6 

9 

92 

Target  Brand, 

1 part;  water,  20 

Nov.  24 

5.37 

3.66 

+1.71 

+31. 

48.6 

10 

111 

Scalecide, 

1 part;  water,  20 

Nov.  24 

4.88 

3.02 

+1.86 

+38. 

53.3 

11 

101 

Lime-Sulphur 

15  L.,  15  S.,  50  W. 

March  12 

4.09 

2.11 

+1.98 

+48.4 

61.1 

12 

104 

Rex  Lime-Sulphur, 

1 part;  water,  11 

March  13 

3.1 

1.58 

+1.52 

+49. 

61.5 

13 

128 

Target  Brand, 

1 part;  water,  20 

March  13 

2.87 

1.9 

+ .97 

+33.7 

50. 

14 

115 

Scalecide, 

1 part;  water,  20 

March  13 

2.52 

1.53 

+ .99 

+39.4 

53.7 

*The  following  is  a convenient  formula  for  use  in  this  computation: 
b — • a 

c -j-  c — d 

a 

— x;  a being  the  degree  of  original  infestation  of  the  check 

b — -a 

* c-fc 

a 

plot ; b,  the  final  infestation  of  that  plot ; c,  the  original  infestation  of  the 
experimental  plot;  d,  the  final  infestation  of  the  same;  and  x,  the  ratio  of 
benefit. 
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Orchard  I,  because  the  original  infestation  of  this  orchard  was  so 
high  that  an  increase  in  plots  2,  3,  and  4 at  the  rate  of  the  check 
plot,  would  have  completely  incrusted  these  trees  long  before  the  end 
of  the  season.  In  other  words,  this  orchard  was  too  heavily  infested 
in  the  beginning  to  be  fit  for  full  use  in  our  experimental  program. 

By  an  inspection  of  the  foregoing  table  we  find  that  two  treat- 
ments, fall  and  spring,  of  the  heavily  infested  orchard  (the  average 
infestation  of  whose  experimental  plots  was  7.67  degrees)  produced 
less  effect  than  a single  spraying,  in  either  fall  or  spring,  of  the 
moderately  infested  orchard  (the  infestation  of  whose  experimental 
plots  averaged  3.9  degrees).  The  average  improvement  of  plots  2 
and  3 in  Orchard  I,  the  trees  in  which  were  twice  sprayed  with  lime- 
sulphur  preparations,  was  32.7  percent,  while  that  of  plots  7 and  8 
in  Orchard  II,  once  sprayed  in  fall,  was  39.4  percent,  and  that  of 
plots  11  and  12,  once  sprayed  in  spring,  was  48.7  percent.  This  fact 
illustrates  clearly  the  importance  of  early  spraying  before  infestation 
becomes  serious.  In  these  experimental  orchards  there  were  but  few 
crawling  young  up  to  August  1 on  any  of  the  treated  trees  which  had 
originally  been  infested  to  8 degrees  or  less ; while  on  trees  grading 
9 and  10  degrees,  crawling  young  were  fairly  abundant  thru  July, 
and  began  about  the  middle  of  August  to  cause  a considerable  re- 
infestation of  surrounding  sprayed  trees,  this  dispersal  increasing 
rapidly  as  the  season  progressed.  While  the  insecticide  treatment 
reduced  a few  of  the  completely  incrusted  trees  to  the  6th  degree  of 
infestation,  many  of  those  incrusted  at  the  beginning  of  the  experi- 
ment were  partially  or  completely  incrusted  again  by  the  end  of  the 
summer. 

The  records  of  the  checks  in  both  orchards  show  a seasonal  in- 
crease amounting  to  about  one-third  of  the  original  infestation ; while 
the  lime-sulphur  treatments  of  plots  2 and  3 in  November  and  March 
worked  a reduction  of  about  a third  of  the  8.5  degrees  original  in- 
festation of  these  plots.  There  was  thus  every  reason  to  believe  that 
a continuation  of  this  program  would  save  this  orchard  and  virtually 
clear  the  trees  of  the  scale;  and  this,  I am  informed,  has  since  been 
done,  both  of  these  orchards  being  now  productive  and  in  good  con- 
dition. 

The  difference  in  effect  between  fall  and  spring  spraying  with 
lime-sulphur  was  shown  by  a comparison  of  the  ratio  of  benefit  (52.2 
percent)  of  plots  7 and  8,  sprayed  in  fall,  with  those  of  plots  11  and 
12  (61.3  percent),  sprayed  in  spring — a difference  of  about  17  per- 
cent in  favor  of  the  spring  spraying.  A similar  comparison  of  the 
ratios  of  benefit  of  plots  10  and  14,  sprayed  with  Scalecide,  gives  us 
a difference  of  less  than  1 percent  in  favor  of  the  spring  spraying,  and 
the  ratios  of  plots  9 and  13,  treated  with  Target  Brand,  show  a differ- 
ence of  less  than  3 percent  in  favor  of  that  insecticide.  This  is  in 
accord  with  the  general  opinion  that  a spring  spraying  with  lime- 
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sulphur  prevents  a fixation  of  the  young  scales  more  effectually  than 
a treatment  with  the  kerosene  sprays.  We  also  learn  from  the  fore- 
going table  that  Scalecide  was  somewhat  less  effective  than  either 
form  of  lime-sulphur  used ; and  that,  of  the  two  latter,  Rex  dip  was 
about  5 percent  more  effective  than  the  home-made  solution. 

THE  TRANSITION  ZONE  IN  INSECTICIDE  EXPERIMENTS 

In  the  Twenty-fourth  Report  of  this  office  (1908)  I called  par- 
ticular attention  to  a generally  neglected  factor  in  field  experimenta- 
tion with  insecticides  and  other  means  of  insect  control;*  namely, 
the  fact  that  the  effects  of  insecticide  treatment  of  experimental  plots 
are  likely  to  be  diminished  and  disguised  by  an  invasion  of  these 
plots  by  insects  migrating  from  adjacent  untreated  parts  of  the  or- 
chard or  field;  and  in  that  paper  I illustrated  this  influence  by  a 
comparison  of  the  degrees  of  infestation  of  check  rows  near  experi- 
mental plots  and  experimental  rows  near  check  plots  with  the  degrees 
of  infestation  of  rows  in  each  kind  of  plot  at  some  distance  from  the 
other.  The  practical  outcome  of  this  comparison  was  a general  rule 
that  large  enough  plots  should  always  be  made  in  field  experiments 
to  give  interior  parts  freedom  from  the  influence  of  one  plot  upon 
another,  and  that  the  marginal  parts  of  the  plots  should  not  be  used 
in  assembling  data  for  comparison. 

This  principle  is  amply  illustrated  in  the  results  of  the  orchard 
experiments  now  under  discussion.  The  check  rows  next  the  experi- 
mental plots  were  less  infested  by  San  Jose  scale  at  the  end  of  the 
season,  and  the  experimental  rows  nearest  the  check  plots  were  more 
infested,  than  were  those  at  some  distance  from  the  line  of  division. 
This  mutual  influence  of  one  plot  upon  the  other  varied  somewhat 
with  the  degree  of  infestation,  the  neutral  or  transition  zone  of  un- 
available trees  being  five  rows  wide  in  the  less-infested  orchard  and 
six  rows  wide  in  that  more  infested.  This  transition  zone  was  due, 
of  course,  to  the  movement  of  the  young  insects  across  the  boundary 
between  the  plots,  the  marginal  rows  of  the  check  losing  more  than 
they  received  from  the  experimental  plot  adjoining,  and  the  experi- 
mental plot  reversing  the  process.  Even  the  outside  rows  of  the  check 
plot  show,  as  might  be  expected,  the  same  loss  of  infesting  insects,  so 
that  only  three  rows  were  left  available  for  use  in  a check  plot  six  rows 
wide. 

The  detailed  data  are  given  in  the  accompanying  diagrams,  one 
representing  the  less-infested  orchard  and  the  other  the  more-infested. 
The  vertical  lines  on  each  diagram  stand  for  the  orchard  rows  in  two 
adjacent  plots,  one  the  check  and  the  other  sprayed  with  home-made 
lime-sulphur  wash.  The  heavy  line  between  rows  6 and  7 is  the 
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dividing  line  between  these  two  plots,  and  the  heavy  horizontal  line 
marked  with  a zero  stands  for  the  average  infestation  of  these  plots 
before  the  spraying  was  done.  The  plus-figures  at  the  left  of  each 
diagram  indicate  degrees  of  increase  in  the  infestation  of  the  check 
plot  during  the  season  following,  and  the  minus-figures  denote  degrees 
of  decrease  of  the  infestation  at  the  end  of  the  season  as  a conse- 
quence of  the  treatment  received.  The  broken  line  running  diagonally 
across  the  diagram  is  drawn  in  a way  to  show,  at  the  point  where 
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Fig.  2. — Diagram  showing  Transition  Zone,  Orchard  I,  between  Check  Plot 
and  Experimental  Plot,  Lime  and  Sulphur  Treatment. 
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Fig.  3. — Diagram  showing  Transition  Zone,  Orchard  II,  between  Check  Plot 
and  Experimental  Plot,  Lime  and  Sulphur  Treatment. 
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it  crosses  a vertical,  the  degree  of  loss  or  gain  for  that  row,  and  the 
figures  on  the  face  of  the  diagram  give  those  degrees  precisely.  It 
will  be  readily  understood  that  if  the  check  plot  and  the  experimental 
plot  were  without  influence  one  upon  the  other — if  there  had  been 
no  movement,  that  is  to  say,  of  the  San  Jose  scale  across  the  dividing 
line  between  the  plots — then  both  these  transverse  lines  on  the  dia- 
gram would  have  been  virtually  horizontal,  their  inner  ends  as  widely 
separated  in  a vertical  direction  as  are  their  outer  ends,  substantially 
as  shown  by  the  transverse  dotted  lines.  The  oblique  part  of  each 
line  marks  the  transition  zone;  and  the  upward  turn  of  both  lines 
at  the  left  is  an  indication  of  the  loss  of  insects  from  the  outside  rows 
of  the  check  plots. 


Experiments  of  1909 

Continuing  our  operations  in  the  Etherton  orchards  in  1909,  we 
used  for  spraying  experiments  only  Orchard  II.  Orchard  I received 
a single  spraying,  for  the  mere  control  of  the  scale,  March  18-23, 
1909,  with  home-made  lime-sulphur  prepared  as  in  the  preceding 
year.  According  to  the  grading  of  October,  1908,  the  infestation  of 
this  orchard  taken  as  a whole  averaged  5 degrees  on  a scale  of  10, 
and  when  graded  again  in  January,  1910,  its  average  was  2.39  de- 
grees, a gain  in  condition  of  52.2  percent  within  the  year  as  the  result 
of  the  treatment. 

Orchard  II  was  carefully  graded  March  11,  1909,  and  was  di- 
vided into  four  plots.  One  was  reserved  as  a check  and  the  other 
three  were  sprayed,  respectively,  with  home-made  lime-sulphur,  lime 
and  sulphur  manufactured  by  the  Grasselli  Company,  and  a petro- 
leum preparation  known  to  the  trade  as  San-U-Zay  Scale  Oil.  The 
experimental  plots  were  sprayed  March  23-25  by  Mr.  L.  M.  Smith, 
assisted  by  one  man  and  two  boys,  all  entirely  inexperienced  in  such 
work.  Rains  fell  every  day  during  the  spraying,  and  showers  and 
high  winds  on  the  24th  made  the  work  ‘ ‘ very  unsatisfactory.  ’ 9 Prob- 
ably on  this  account,  and  because  of  the  inexperience  of  the  operators, 
the  results  of  these  experiments  were  much  less  favorable  than  those 
of  the  preceding  and  succeeding  years.  A second  grading,  for  a 
comparison  of  conditions  and  an  analysis  of  results,  was  made  Janu- 
ary 17-18,  1910.  From  the  following  table  it  will  be  seen  that  the 
three  preparations  used  were  in  practically  the  same  class  as  to 
results  produced,  the  home-made  lime-sulphur,  however,  falling  a 
little  short  of  the  other  two.  It  was  an  interesting  fact  that  the 
“miscible  oil”  preparation  applied  in  March  seemed  practically  equal 
in  value  to  the  solutions  of  lime  and  sulphur. 
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Etherton  Orchard  Experiment,  1909 
Orchard  II 


No. 

of 

plot 

Nc. 

of 

trees 

Treatment 

Date 

Average 

infestation 

Per  ct. 
of  loss 
or  gain 

Per  ct. 
of 

bene- 

fit 

March 

1909 

Jan. 

1910 

1 

93 

None  (check) 

4.81 

5.57 

—15.8 

2 

50 

Lime-Sulphur 

Grasselli  Chem.  Co. 

March  25 

5.56 

4.93 

+11.3 

23.4 

3 

190 

Lime-Sulphur 

home-made 

March  23-26 

3.17 

2.96 

+ 6.6 

19.3 

4 

94 

San-U-Zay  Scale  Oil 

March  25 

3.09 

2.77 

+10.3 

22.6 

Experiments  of  1911 

After  the  omission  of  1910,  due  to  the  failure  of  the  insecticide 
company  to  fill  our  orders  on  time,  both  of  the  Etherton  orchards 
were  taken  in  hand  in  1911  for  experimental  work.  Orchard  II  was 
divided  into  four  plots,  which  were  sprayed,  February  27  to  March 
6,  with  different  brands  of  lime-sulphur.  Orchard  I was  divided  into 
five  plots,  four  of  which  were  sprayed  March  6-9  with  different  lime- 
sulphur  preparations,  and  the  fifth  with  Scalecide.  All  the  brands 
of  manufactured  insecticides  were  bought  in  the  open  market. 

The  manufactured  lime-sulphur  solutions  were  all  mixed  with 
water  at  the  rate  of  1 gallon  to  9.  The  home-made  lime-sulphur 
contained  100  pounds  of  sulphur  and  50  pounds  of  lime  to  60  gallons 
of  water,  9 gallons  of  this  concentrate  being  diluted  with  cold  water 
to  make  50  gallons.  Otherwise  stated,  the  formula  for  this  propor- 
tion was  sulphur,  15,  lime,  7%,  water,  50,  differing  from  the  home- 
made solution  of  the  earlier  experiments  only  in  the  smaller  pro- 
portion of  lime.  The  Scalecide  was  diluted  in  a ratio  of  1 to  15. 

Owing  to  the  condition  of  these  orchards  because  of  a lack  of 
treatment  the  preceding  year,  it  was  not  thought  advisable  or  safe  to 
leave  any  part  without  treatment,  and  no  check  plots  were  reserved. 
The  work  was  in  charge  of  Mr.  Flint,  assisted  by  Mr.  Smith. 

The  original  grading  was  done  by  Flint  and  Smith,  February 
22,  1911,  and  the  final  grading,  December  12  of  the  same  year.  In 
the  absence  of  checks,  only  “ratios  of  improvement”  could  be  com- 
puted. The  home-made  lime-sulphur,  poured  off  after  the  settlement 
of  suspended  matter,  gave  an  improvement  of  40  percent,  and  the 
lime-sulphur  of  the  Grasselli  Company,  38.3  percent  in  Orchard  I 
and  32.7  percent  in  Orchard  II,  while  the  Rex  lime-sulphur  treat- 
ment resulted  in  an  average  improvement  of  39.4  percent. 
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Etherton  Orchard  Experiment,  1911 


Orchard  I (Average  Original  Infestation,  5.84) 


No.of 

No.of 

Treatment 

Date 

Average  infestation 

Per  ct.  of 

plot 

trees 

Feb.  1911 

Dec.  1911 

gain 

1 

183 

Lime-Sulphur 

Thomsen  Chemical  Co. 

March  6 & 7 

5.58 

4.19 

25. 

O 

Li 

185 

Lime-Sulphur 

Grasselli  Chem.  Co. 

March  7 

7.45 

4.59 

38.3 

3 

59 

Lime-Sulphur,  home- 
made, with  sludge 

March  9 

6.00 

3.70 

38.3 

4 

132 

Lime-Sulphur,  home- 
made, without  sludge 

March  8 

3.33 

2.00 

40. 

5 

144 

Scalecide 

March  8 

6.8C 

5.04 

26.5 

Orchard  II  (Average  Original  Infestation,  7.53) 


6 

142 

Lime-Sulphur 

Thomsen  Chemical  Co. 

March  4 & 6 

5.73 

2.57 

26.7 

7 

151 

Lime-Sulphur 

Grasselli  Chem.  Co. 

March  3 & 4 

8.48 

5.71 

32.7 

8 

140 

Lime-Sulphur 

Sherwin-Williams  Co. 

March  3 

7.73 

5.93 

23.2 

9 

89 

Lime-Sulphur 
Rex  Co. 

Feb.  27  & 
Mar.  2 

8.20 

4.97 

39.4 

At  the  first  glance,  it  would  seem  that  suspended  sediments  in 
the  home-made  lime-sulphur  were  disadvantageous  to  it,  the  treat- 
ment of  plot  4 with  a clear  solution  giving  a higher  gain  than  that 
of  plot  3 with  a solution  whose  sediments  were  thoroly  stirred  up 
just  before  spraying.  Since  it  so  happened,  however,  that  the  origi- 
nal infestation  of  plot  4 (3.33  degrees)  was  only  a little  more  than 
half  that  of  plot  3 (6  degrees),  it  is  altogether  likely  that  this  was 
the  cause  of  the  greater  benefit  to  plot  4. 

Obvious  differences  may  be  noted  in  the  results  of  the  treatment 
with  the  several  kinds  of  lime-sulphur  tested,  the  Thomsen  and  the 
Sherwin-Williams  ’ preparations  of  1911  being  apparently  in  a differ- 
ent class  from  the  Rex,  the  Grasselli,  and  the  home-made  preparations. 

Comparing  the  data  of  this  table  with  those  for  1907  and  1908, 
we  find  fairly  similar  results  so  far  as  the  experiments  themselves 
are  fairly  comparable.  Scalecide,  for  example,  gave  us  28.8  percent 
of  gain  in  Orchard  I in  1907,  and  26.5  percent  in  1911.  Rex  lime- 
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sulphur  shows  34.4  gain  for  Orchard  I in  1907,  on  a plot  the  original 
infestation  of  which  was  8.8  degrees,  and  a gain  of  39.4  percent  in 
Orchard  II  in  1911  on  a plot  the  original  infestation  of  which  was 
8.2  degrees.  It  is  true  that  the  Rex  plots  in  Orchard  II  agree  less 
closely  in  the  two  years,  the  39.4  percent  of  1911  being  matched  by 
a gain  of  49  percent  in  1907 ; but  a glance  at  the  grades  of  infesta- 
tion explains  the  discrepancy,  the  1907  plot  having  an  average  grade 
before  treatment  of  3.1  degrees,  and  the  1911  plot  a grade  of  8.20 
degrees.  We  get  a more  obvious  improvement,  as  a general  rule, 
where  the  average  infestation  is  the  less. 

Summary 

1.  Experiments  with  infested  ripe  apples  show  that  the  San 
Jose  scale  may  live  and  reproduce  freely  on  such  fruits  plucked  from 
the  tree  and  kept  at  ordinary  room  temperatures,  and  that  living 
young  may  continue  to  be  born  under  such  conditions  during  a period 
of  eight  weeks.  Infested  apples  taken  from  cold  storage  in  December 
gave  similar  results,  young  being  produced  on  these  apples  for  twenty- 
five  days. 

2.  Exact  breeding  experiments  conducted  at  Urbana  in  1906,  in 
a way  to  distinguish  thruout  the  season  the  descendants  of  the  first- 
born from  those  of  the  last-born  of  each  generation,  gave  two  suc- 
cessive generations  of  the  last-born  series,  in  the  complete  year,  and 
four  such  generations  of  the  first-born  series.  A computation  based 
on  data  thus  obtained  yielded  a possible  rate  of  multiplication  under 
optimum  conditions  of  32,791,472  to  1 for  the  year.  This  total  is 
only  the  98th  part  of  that  of  other  investigators,  who  took  no  ac- 
count of  diminished  numbers  of  generations  produced  by  late-born 
individuals. 

3.  Spraying  operations  with  various  preparations  of  lime  and 
sulphur  and  with  two  brands  of  miscible  oils  justify  the  usual  pref- 
erence for  the  sulphur  solutions,  especially  because  of  their  more 
prolonged  effect  when  applied  in  spring.  The  home-made  solutions 
were  equally  effective  with  those  ready-made  and  requiring  only 
dilution  for  use.  These  experiments  also  illustrate  the  great  advan- 
tage of  early  spraying,  before  an  orchard  becomes  heavily  infested, 
and  furnish  evidence  that  spraying  in  spring  is  much  more  effective 
than  spraying  in  fall,  the  ratios  of  benefit  being  some  20  percent 
greater.  The  possibility  of  redeeming  and  restoring  a badly  infested 
orchard  and  maintaining  it  in  good  condition,  with  one  or  two  spray- 
ings a year,  was  well  established  by  these  operations. 
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Summary  of  Bulletin  No.  181 


1.  A deep,  well-prepared  seed  bed  is  essential  for  aeration,  proper  root  devel- 
opment, and  conservation  of  moisture.  It  gave  a gain  of  14.5  bushels  ($7.25  at 
50  cents)  per  acre  over  no  seed  bed.  (Table  6.) 

2.  Killing  weeds  is  the  most  important  factor  in  cultivating  corn  on  brown 
silt  loam.  No  weeds  gave  an  increase  over  weeds  of  38.6  bushels  of  corn,  a gain 
of  $19.30  per  acre.  (Table  6.) 

3.  “Weeds  reduce  the  yield  of  corn  more  by  robbing  it  of  plant  food  and  light 
than  by  depriving  it  of  moisture.  Irrigation  on  a weed  plot  gave  an  increase  of 
only  3.8  bushels.  (Table  6.) 

4.  As  an  average  of  sixteen  tests  in  eight  years,  killing  weeds  without  cul- 
tivation produced  a gain  of  17.1  percent,  or  6.7  bushels  per  acre,  over  ordinary  cul- 
tivation. (Table  6.) 

5.  Three-fourths  of  the  corn  roots  are  in  the  plowed  soil,  and  as  plants  de- 
velop no  unnecessary  roots,  any  injury  to  them  results  in  a lower  yield.  Four-inch 
pruning  six  inches  from  the  hill  reduced  the  yield  16.9  bushels.  (Table  4.) 

6.  The  cultivated  soil,  especially  in  periods  of  drouth,  is  too  loose  and  dry 
for  proper  root  development,  consequently  the  plant  is  deprived  of  the  food  which 
it  contains. 

7.  After  the  roots  are  well  distributed  thru  the  soil,  little  moisture  can  es- 
cape, even  from  uncultivated  land.  (Table  9.) 

8.  On  gray  silt  loam  on  tight  clay  in  southern  Illinois,  as  a three-year  aver- 
age,  preparation  of  seed  bed  gave  an  increase  of  21.5  bushels;  killing  weeds  by 
scraping  with  a hoe  gave  a gain  of  21  bushels  over  allowing  them  to  grow;  and 
fertilization  gave  an  increase  of  14.2  bushels.  Ordinary  shallow  cultivation  gave 
a yield  of  31.2  bushels  per  acre,  while  killing  weeds  without  stirring  the  surface 
gave  31.5  bushels.  (Table  12.) 

9.  The  proper  type  of  cultivation  is  deep  enough  to  kill  the  weeds  but  shal- 
low enough  to  reduce  root  injury  to  the  minimum.  On  Illinois  soils  a good  seed 
bed,  killing  weeds,  and  soil  enrichment  are  the  important  factors  in  growing  corn. 

10.  Cultivation  is  beneficial  for  aeration  of  heavy  soils,  clays  and  clay  loams. 
(Table  14.) 

11.  Cultivation  raises  soil  temperature  early  in  the  season  and  lowers  it  later. 
(Table  11.) 

12.  Subsoiling  on  gray  silt  loam  on  tight  clay  at  Odin  caused  a decrease  of 
2.7  bushels  per  acre.  (Table  15.) 

13.  Results  of  deep-tilling  tests  so  tar  conducted  by  this  experiment  station 
do  not  warrant  recommending  the  purchase  and  use  of  deep-tilling  machines  in 
this  state. 


SOIL  MOISTURE  AND  TILLAGE  FOR  CORN 


By  J.  G.  MOSIER,  Chief  in  Soil  Physics,  and 
A.  F.  GUSTAFSON,  Associate  in  Soil  Physics 

The  common  impression  among  farmers  and  mo3t  agricultural 
writers  is  that  cultivation  of  corn  is  necessary  as  a means  for  con- 
serving moisture.  While  this  may  be  true  to  a large  extent  in  sub- 
humid  and  semiarid  regions,  yet  in  humid  sections  this  purpose  in 
the  cultivation  of  corn  is  a very  secondary  object. 

The  reader  is  asked  to  note  and  to  keep  in  mind  that  it  is  not  the 
purpose  of  the  authors  of  this  bulletin  to  recommend  specific  methods 
or  implements  to  be  used  in  the  cultivation  of  corn,  but  to  develop 
principles  that  should  be  observed  in  order  to  secure  the  best  results. 
The  investigations  reported  were  conducted  to  discover  why  corn  is 
cultivated,  and  no  one  should  assume  that  we  advocate  for  practical 
farming  the  substitution  of  hand  labor  for  horse  power,  but  only 
that  principles  should  guide  practice  toward  the  greatest  profits. 

KILLING  OF  WEEDS 

The  most  important  factor  in  the  growth  of  a crop  of  corn  on 
fertile  soil  with  a well-prepared  seed  bed  in  humid  regions  is  the  kill- 
ing of  weeds.  With  the  same  preparation  of  seed  bed,  corn  produced, 
as  an  eight-year  average,  7.3  bushels  per  acre  where  the  weeds  were 
allowed  to  grow,  and  45.9  bushels  where  the  weeds  were  kept  down 
without  any  cultivation.  This  gives  an  increase  of  38.6  bushels,  or 
say  $19.30  per  acre,  for  keeping  weeds  down.  Weeds  deprive  the 
plant  of  moisture,  light,  and  food,  all  of  which  are  absolutely  neces- 
sary for  the  production  of  crops.  Of  these  factors,  however,  the  one 
that  has  made  the  greatest  difference  is  that  of  plant  food.  Corn  has 
been  grown  together  with  weeds,  but  irrigated  so  that  it  was  not  de- 
prived of  moisture,  yet  the  increase  from  irrigation,  as  a four-year 
average,  was  only  3.8  bushels  per  acre.  Weeds  are  much  better  for- 
agers than  are  most  cultivated  crops ; and  it  would  be  just  as  rea- 
sonable to  expect  a lamb  to  thrive  with  a bunch  of  hogs  as  to  expect 
corn  to  compete  with  weeds. 

MOISTUKE  AND  FOOD 

If  a soil  is  in  good  tilth  and  there  are  no  weeds,  little  or  no  cul- 
tivation is  necessary.  If  it  is  in  poor  tilth  with  no  weeds  present, 
some  cultivation  may  be  necessary  for  aeration.  This  is  especially 
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true  of  heavy  soils  or  those  containing  a large  amount  of  clay.  In 
humid  climates  cultivation  of  corn  is  rarely  necessary  for  the  con- 
servation of  moisture  if  a good  seed  bed  has  been  prepared.  After 
the  corn  has  become  twelve  inches  or  more  in  height,  the  roots  are 
so  completely  distributed  between  the  rows  that  it  is  difficult  for 
moisture  to  escape  from  the  soil,  for  it  is  captured  by  the  roots  in  its 
upward  progress.  As  an  average  of  eight  years’  investigations,  the 
soil  was  found  to  contain  no  more  moisture  where  the  corn  was  cul- 
tivated than  where  the  weeds  were  destroyed  without  cultivation. 
(See  Table  9.) 

Cultivation  should  be  as  shallow  as  possible  at  all  times,  altho 
deeper  stirring  is  permissible  the  first  time  than  later.  For  the  high- 
est yield,  cultivation  should  never  be  deep  enough  to  injure  the  roots. 
The  purpose  of  the  roots  is  to  get  plant  food  and  moisture,  and  as 
a general  rule  plants  develop  no  more  than  are  necessary  for  this  pur- 
pose. The  injury  of  a few  roots,  therefore,  may  stunt  the  corn.  It  must 
be  remembered,  too,  that  the  plowed  stratum  is  the  richest  part  of  the 
soil,  and  that  the  roots  will  naturally  develop  where  there  is  the  largest 
supply  of  plant  food.  Three-fourths  of  the  roots  of  the  corn  plant  are 
developed  in  the  plowed  soil.  For  this  reason  deep  plowing  in  both 
fall  and  spring  should  be  done  to  give  a large  feeding  area. 

CULTIVATION  EXPERIMENTS  IN  OHIO 

Experiments  have  been  carried  on  at  several  stations  to  determine 
how  often  and  how  deep  corn  should  be  cultivated.  A few  stations 
have  determined  the  effect  of  weeds  on  a crop  of  corn.  The  first 


Table  1. — Results  of  Corn  Cultivation  at  Ohio  Experiment  Station, 
Columbus,  Ohio1 
(Yields  in  bushels  per  acre) 


Kind  of  cultivation 

1883 

! 1884 

1885 

1886 

1887 

3-yr. 

av. 

Av.  of 

No.  3 

1.  None,  weeds  allowed  to 

grow  

2 Surface  

21.7 

14.5 

28.4 

6.4 

91.3 

13.5 

53.5 

.35 
! 13.40 

6.7 

52.7 

23.8 

99.4 

3.  Ordinary,  4 or  5 times.  . . . 

4.  Ordinary,  excessive  num- 

49.S 

29.4 

82.4 

56.0 

1 20.00 

52.8 

100.0 

ber  

5.  Ordinary,  three  times,  2 

88.3 

55.2 

21.30 

54.9 

104.0 

days  apart  

6.  Ordinary,  three  times,  4 

.... 

89.5 

44.7 

18.90 

51.0 

96.5 

days  apart  1 

7.  Ordinary,  three  times,  8, 

78.1 

47.0 

20.40 

48.5 

91.8 

days  apart  ■ 

8.  Ordinary,  three  times,  12 

81.0 

56.4  ! 

16.10 

51.2 

97.0 

davs  apart  

94.0 

53.0 

18.80 

55.3 

104.7 

*Annual  Reports  2 to  6.  * 

2The  yield  from  shallow  cultivation  is  taken  as  the  standard  and  represented 
as  100  percent ; the  relative  yields  from  the  other  methods  of  cultivation  are  then 
expressed  in  percentage  of  this,  based  upon  all  comparable  yields. 
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to  carry  on  experiments  along  this  line  was  Ohio,  at  Columbus,  be- 
fore the  station  was  removed  to  Wooster.  Table  1 gives  the  results. 

Little  was  gained  by  a large  number  of  cultivations.  Comparing 
the  average  yields  of  1885-1887,  we  find  54.9  bushels  for  excessive 
cultivation  as  against  52.8  bushels  for  four  ordinary  cultivations,  or 
an  increase  of  2.1  bushels.  The  effect  of  weeds  on  the  crop  as  shown 
in  these  results  was  very  striking.  Where  the  weeds  were  allowed 
to  grow,  8.7  bushels  of  corn  per  acre  were  produced,  as  a four-year 
average,  but  where  the  weeds  were  kept  down  by  surface  cultivation 
the  yield  was  46.6  bushels,  or  37.9  bushels  increase. 

MISSOURI  EXPERIMENTS 

Table  2 gives  the  results  from  some  experiments  on  tillage  at  the 
Missouri  Station. 


Table  2. — Results  of  Corn  Cultivation  at  Missouri  Experiment  Station1 
(Yields  in  bushels  per  acre) 


Kind  of  cultivation 

1889 

1890 

Av. 

Av.  % of 
No.  2 

1.  None,  scraped  with  hoe 

2.  Shallow,  4 times 

82.0 

45.7 

63.8 

95.3 

80.1 

53.8 

66.9 

100.0 

3.  Deep,  4 times 

65.8 

41.2 

53.5 

80.0 

1Bulletin  14. 


Without  cultivation,  but  with  the  weeds  kept  down  by  scraping 
with  a hoe,  the  average  yield  for  the  two  years  was  63.8  bushels  per 
acre,  while  for  shallow  cultivation  the  yield  was  66.9  bushels,  or  3.1 
bushels  increase.  Deep  cultivation,  compared  with  shallow,  shows  a 
loss  of  13.4  bushels  per  acre. 

INDIANA  EXPERIMENTS 

Table  3 gives  the  results  from  experiments  at  the  Indiana  Station 
in  which  cultivations  at  different  depths  were  compared. 


Table  3. — Results  of  Corn  Cultivation  at  Indiana  Experiment  Station1 
(Yields  in  bushels  per  acre) 


Depth  of  cultivation 

1888 

1889 

1890 

1891 

2-yr. 

av. 

4-yr. 

av. 

One  inch  deep 

60.7 

56.6 

58.7 

Two  inches  deep 

64.3 

45.5 

46.7 

57.6 

61.0 

53.5 

Three  inches  deep 

64.6 

41.8 

46.4 

50.2 

57.4 

50.8 

bulletin  39. 


EARLY  EXPERIMENTS  IN  ILLINOIS 

Professor  G.  E.  Morrow,  of  the  University  of  Illinois,  began  some 
experiments  in  1888  to  determine  the  value  of  cultivation  and  its  best 


Table  4. — Results  of  Cultivation  of  Corn  and  Root  Pruning,  Illinois  Experiment  Station 

(Yields  in  bushels  per  acre) 
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depth  and  frequency ; also  the  effect  of  root  pruning.  Table  4 gives 
his  results,  while  Table  5 gives  the  rainfall  by  months  during  the 
time  the  experiments  were  in  progress,  with  the  exception  of  the  year 
1888,  for  which  the  record  was  not  complete. 

Where  the  weeds  were  kept  down  by  scraping  with  a hoe  without 
producing  a mulch,  the  yield,  as  a seven-year  average,  was  97.6  per- 
cent of  that  for  ordinary,  shallow  cultivation,  or  a difference  of  1.7 
bushels  per  acre  in  favor  of  cultivation.  Deep  cultivation,  four  or 
five  times,  gave  96.9  percent,  or  2.2  bushels  less  than  shallow  cultiva- 
tion. Shallow  cultivation  twelve  to  fourteen  times  during  the  season 
gave  103.6  percent,  or  an  increase  of  2.5  bushels  per  acre,  while  deep 
cultivation  the  same  number  of  times  gave  91.7  percent,  or  a decrease 
of  5.8  bushels  per  acre.  Compared  with  twelve  to  fourteen  shallow 
cultivations,  deep  cultivation  twelve  to  fourteen  times  gave  8.3  bushels 
decrease  per  acre. 

Another  experiment  carried  on  at  the  same  time  was  the  pruning 
of  the  roots  of  corn  at  a distance  of  about  six  inches  from  the  hill. 
This  was  accomplished  by  placing  a frame  twelve  inches  square  over 
the  hill  and  running  a knife  around  the  outside  to  a depth  of  four 
inches,  thus  cutting  the  roots  to  that  depth.  Where  shallow  cultiva- 
tion was  practiced,  this  pruning  resulted  in  a decrease  of  12.5  bushels 
per  acre,  but  where  the  weeds  were  removed  by  scraping  with  a hoe 
instead  of  by  shallow  cultivation,  the  yield  was  diminished  16.9  bush- 
els per  acre. 

LATER  EXPERIMENTS  AT  URBANA,  ILLINOIS 

The  results  obtained  by  Professor  Morrow  seemed  so  remarkable 
that  in  1906  and  1907  a series  of  experiments  was  begun  to  demon- 
strate them,  and  at  the  same  time  to  obtain  data  on  some  other  fea- 
tures; namely,  the  damage  by  weeds,  the  value  of  a seed  bed,  the 
effect  of  cultivation  on  moisture  and  temperature,  and  the  value  of 
irrigation  and  the  addition  of  plant  food  in  abundance.  The  results 
of  these  experiments  are  given  in  Table  6.  Table  7 gives  the  rainfall 
during  the  time  covered  by  the  experiments. 

The  soil  on  which  these  experiments  have  been  conducted  is  a 
brown  silt  loam,  the  ordinary  corn-belt  soil.  The  field  had  been  under 
cultivation  for  fifty  years  or  more,  but  during  this  time  no  fertilizer 
had  been  applied,  with  the  possible  exception  of  farmyard  manure. 

A four-year  rotation  of  corn,  corn,  oats,  and  clover  has  been  prac- 
ticed. The  corn  stalks  and  both  crops  of  clover  have  been  removed. 
In  1912  and  1914  soybeans  were  grown  because  of  the  failure  of  clover. 
The  cultivating  was  done  with  the  three-shovel  cultivator  till  1912 ; 
and  since  then  the  surface  cultivator  has  been  used. 

While  the  total  rainfall  of  1911  and  1913  appears  to  be  approxi- 
mately normal,  yet  in  both  these  years  there  were  dry  periods  during 
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lBased  on  all  comparable  yields. 


Table  7. — Rainfall  at  University  of  Illinois,  1906-1914 
(Inches) 
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the  time  when  corn  should  have  been  making  its  greatest  growth  and 
needed  a large  supply  of  moisture.  It  will  be  noted  that  in  1911  dur- 
ing June  .82  inch  of  rain  fell,  and  during  July  .62  inch,  while  in 
1913  in  May  .56  inch  fell,  in  June  1.67,  in  July  1.52,  and  in  August 
1.44  inches.  The  year  1913  was  the  driest  during  the  growing  time 
for  corn  since  the  rainfall  record  has  been  kept  at  the  University. 

Table  8 gives  the  amount  of  water  applied  to  the  irrigated  plots 
for  each  year  of  the  experiment,  and  also  the  rainfall  from  April  1 
to  August  31. 

It  will  be  seen  that  the  largest  amount  of  water,  16.91  inches,  was 
applied  during  1911,  and  the  next  largest,  12.85  inches,  in  1913.  The 
water  was  applied  in  amounts  equal  to  about  an  inch  of  rainfall,  by 
the  furrow  method  of  irrigation.  After  it  was  absorbed  and  the  soil 
had  become  sufficiently  dry,  the  furrows  were  partly  filled  with  loose 
soil  to  prevent  any  excessive  loss  by  evaporation.  The  yields  for  1913 
were  diminished  by  the  extreme  heat  during  the  time  when  pollina- 
tion was  taking  place.  A storm  on  July  16,  1914,  damaged  the  corn 
on  all  plots  to  some  extent,  but  especially  where  the  growth  was  rank, 
as  on  the  fertilized  and  irrigated  plots. 


Fig.  1. — Plot  1:  Ground  not  Plowed,  Xo  Seed  Bed  Prepared,  Weeds  Kept 
Down  by  Scraping  with  a Hoe.  Yield,  25.5  Bushels  (1911) 
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Treatment  of  Plots 

Plot  1 was  plowed  but  once  during  a rotation,  and  that  for 
oats.  The  vegetation,  such  as  clover  or  old  corn  stubs,  was 
removed  and  the  corn  planted  with  a hoe.  The  weeds  were 
kept  down  by  scraping  with  a sharp  hoe  so  as  to  produce  prac- 
tically no  mulch,  and  this  was  done  only  as  often  as  necessary 
to  kill  the  young  weeds. 

Plot  2 was  plowed  in  the  spring  about  6 inches  deep  for 
corn ; a good  seed  bed  was  prepared  before  planting  the  corn, 
but  no  cultivation  was  given.  The  weeds  were  kept  down  in 
the  same  way  as  on  Plot  1. 

Plot  3S  (Plot  3 until  1910)  was  plowed  in  the  spring  and 
a good  seed  bed  prepared,  but  after  planting  time  the  weeds 
were  allowed  to  grow. 

Plot  3N  was  plowed  and  a seed  bed  prepared ; weeds  were 
allowed  to  grow  as  in  3S,  but  the  plot  was  irrigated  as  often 
as  necessary  to  keep  the  soil  in  a moist  condition. 

Plot  4 was  treated  like  Plot  2,  except  that  the  corn  was 
cultivated  shallow  three  times  with  the  three-shovel  cultiva- 


Fig.  2. — Plot  2:  Ground  Plowed,  Seed  Bed  Prepared,  Weeds  Kept  Down  by 
Scraping  with  a Hoe.  Yield,  39.8  Bushels  (1911) 


574 


Bulletin  No.  181 


[April, 


tor  previous  to  1912,  and  with  the  surface  cultivator  since 
then.  Any  weeds  that  escaped  the  cultivator  were  pulled  or 
cut  out  with  a hoe. 

Plot  5 was  treated  the  same  as  Plot  4,  except  that  the  crop 
was  irrigated  whenever  it  was  deemed  necessary. 

Plot  6 was  treated  similarly  to  Plot  5,  except  that  2 tons 
of  rock  phosphate  and  80  tons  of  manure  per  acre  were  ap- 
plied once  in  each  rotation  before  the  second  crop  of  corn. 

In  Table  6,  the  yield  of  the  cultivated  plot,  No.  4,  is  taken  as  the 
standard  for  computing  the  relative  yields  shown  in  the  last  column. 
On  Plot  1,  without  plowing  or  the  preparation  of  a seed  bed  in  any 
way,  the  average  yield  for  eight  years  was  31.4  bushels  per  acre,  or 
80.1  percent  of  that  of  the  standard  cultivated  plot,  No.  4.  In  com- 
parison with  this,  on  Plot  2,  where  a good  seed  bed  had  been  prepared 
and  the  weeds  kept  down,  the  percentage  of  yield  was  117.1,  while 
the  average  actual  yield  for  the  eight  years  was  45.9  bushels,  or  an 
increase  of  14.5  bushels  per  acre  over  Plot  1.  This  represents  the 
value  of  the  seed  bed.  The  lowest  yield  of  Plot  2 was  33  bushels  in 
1908  and  the  highest,  75.5  bushels  in  1912.  It  would  seem  scarcely 
possible  that  such  a yield  as  this  could  be  produced  without  cultiva- 


Fig.  3. — Plot  3:  Ground  Plowed,  Seed  Bed  Prepared,  Weeds  Allowed  to  Grow. 
Yield,  .8  Bushel  (1911) 
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tion;  yet  this  yield  was  the  highest  obtained  from  any  plot  except 
the  fertilized  one,  and  was  10.3  bushels  larger  than  that  produced  by 
cultivation.  It  will  be  noticed  that  Plot  2,  uncultivated,  gave  larger 
yields  three  out  of  the  eight  years  than  Plot  5,  the  cultivated  and 
irrigated  plot,  and  that  the  average  was  6.7  bushels  larger  than  for 
the  standard  cultivated  plot,  No.  4. 

On  Plot  3,  it  was  the  intention  to  see  what  would  be  the  effect  of 
weeds  on  the  corn  crop.  It  will  be  noticed  that  the  average  yield  here 
is  only  18.6  percent  of  that  of  the  cultivated  plot,  but  the  actual  yields 
varied  from  0 to  16  bushels.  The  results  of  Plot  3S  certainly  make  it 
very  evident  that  corn  cannot  thrive  with  weeds. 

In  order  to  determine  whether  it  was  a lack  of  moisture  that  pro- 
duced the  low  yields  where  weeds  and  corn  were  grown  together, 
Plot  3 was  divided  in  1911,  and  the  north  half  was  irrigated  often 
enough  to  keep  the  soil  abundantly  supplied  with  moisture.  The  ef- 
fect was  quite  noticeable  both  on  the  corn  and  the  weeds,  but  as  an 
average  of  four  years  the  yield  was  increased  only  3.8  bushels  per  acre. 
It  must  therefore  appear  that  the  injury  done  by  weeds  is  not  largely 
due  to  the  moisture  that  they  take  out  of  the  soil,  but  to  some  other 
cause  or  causes. 


Fig.  4. — Plot  4 : Ground  Plowed,  Seed  Bed  Prepared,  Cultivated  Three  Times. 
Yield,  34.5  Bushels  (1911) 
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It  would  be  well  to  compare  very  carefully  Plot  4 with  Plots  2 
and  5.  Plot  2,  uncultivated,  produced  6.7  bushels  more  corn  per  acre 
than  Plot  4 with  standard  cultivation;  but  the  fact  should  be  em- 
phasized that  to  obtain  such  a result  requires  that  the  weeds  be  kept 
down.  Plot  5,  cultivated  and  supplied  with  all  the  moisture  that 
was  necessary,  produced,  as  an  average  of  eight  years,  only  1.8  bush- 
els more  than  the  uncultivated,  unirrigated  plot  where  weeds  were 
kept  down.  Irrigation  gave  an  increase  every  year  but  one.  This 
exception  was  in  1912,  when  only  a small  amount  of  water  was  used. 
There  is  no  doubt  that  one  irrigation,  which  was  followed  within  a 
few  hours  by  a heavy  rain,  did  no  good  and  even  may  have  damaged 
the  crop  to  some  extent. 

The  fertilized  plot,  No.  6,  gave  a large  increase,  the  average  yield 
being  74.5  percent  above  that  from  standard  cultivation.  For  two 
years,  1908  and  1909,  this  plot  was  not  fertilized;  hence  the  yields 
for  these  years  have  been  omitted  in  the  table.  In  1914,  because  of 
the  heavy  growth,  the  crop  was  badly  damaged  by  a storm.  The 
average  yield  for  the  seven  years  was  75.3  bushels  per  acre,  or  174.5 
percent  of  the  yield  from  the  standard  cultivated  plot  for  the  same 
years. 


Fig.  5. — Plot  5:  Ground  Plowed  and  Seed  Bed  Prepared,  Cultivated  Three 
Times,  Irrigated  (16.91  inches  applied).  Yield,  55  Bushels  (1911) 
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The  fact  that  the  uncultivated  corn  produced  so  well  in  comparison 
with  the  cultivated  and  with  the  cultivated  and  irrigated,  shows  that 
cultivation  for  conservation  of  moisture  is  a very  secondary  consid- 
eration in  this  climate  on  brown  silt  loam,  the  common  prairie  soil  of 
the  corn  belt.  On  Plot  2 the  crop  was  enabled  to  use  all  the  plowed 
soil  as  a feeding  ground,  while  on  Plots  4,  5,  and  6 almost  half  the 
plowed  soil  was  disturbed  by  cultivation,  so  that  the  roots  of  the  corn 
were  either  injured  or  could  not  develop  in  that  stratum  because  of 
its  dry,  loose  character.  This  was  especially  true  on  Plot  4 during 
dry  seasons.  As  a result,  the  plant  food  in  the  stirred  soil  was  of 
little  benefit  to  the  crop ; and  the  conclusion  that  must  be  drawn  is 
that  the  cultivated  soil  is  of  much  greater  value  for  the  plant  food 
that  it  contains  than  for  the  conservation  of  moisture.  In  semiarid 
or  subhumid  regions  this  probably  would  not  be  true. 

A study  of  the  moisture  content  of  the  plots  at  Urbana  was  made 
from  samples  taken  to  a depth  of  40  inches  from  four  different  plots. 
The  samples  were  taken  in  the  spring  immediately  after  the  plowing 
was  done  and  once  each  week  until  the  corn  was  mature.  Table  9 
gives  the  results  in  percentage  of  total  moisture. 


Fig.  6. — Plot  6 : Ground  Plowed,  Seed  Bed  Prepared,  Cultivated  Three  Times, 
Irrigated  (16.91  inches  applied),  Heavily  Fertilized.  Yield,  77,3 
Bushels  (1911) 
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From  the  averages  given  in  the  table,  it  will  be  seen  that  the  sur- 
face stratum  of  the  unplowed  plot,  No.  1,  had  the  lowest  moisture 
content,  but  the  difference  among  the  plots  was  slight,  the  average 
being  only  1.0  percent  higher  in  the  plowed,  uncultivated  plot,  No.  2, 
.5  percent  higher  in  the  weed  plot,  No.  3S,  and  .7  percent  higher  in 
No.  4,  cultivated.  The  weed  plot,  both  in  1911  and  in  1913,  showed  a 
lower  moisture  content  than  the  other  plots — less  even  than  the  un- 
plowed one. 

Probably  a better  idea  of  the  moisture  content  of  the  soil  can  be 
obtained  from  Table  10,  which  gives  the  lowest  moisture  content 
found  in  the  surface  soil  during  the  season. 

The  moisture  content  as  given  includes  both  hygroscopic  and 
capillary  moisture.  The  wilting  coefficient  of  this  type  of  soil,  i.e., 
the  point  at  which  the  plant  wilts  permanently,  or  where  the  plant 
has  used  all  of  the  available  water,  is  about  9.3  percent.  The  amount 
of  available  water  in  the  soil  at  any  time  is  the  difference  between 
the  actual  amount  present  and  the  wilting  coefficient.  From  the 
above  it  will  be  seen  that  but  little  available  moisture  was  in  the  soil 
at  certain  times  in  1911,  1913,  and  1914. 

The  temperatures  at  a depth  of  2 and  4 inches  have  been  deter- 
mined once  each  week  during  the  last  five  years  on  Plot  1,  unplowed, 
and  on  Plot  4,  plowed  and  cultivated.  The  temperatures  were  taken 
three  times  a day,  at  9 a.  m.  and  at  1 :45  and  4 :45  p.  m.,  from  plow- 
ing time  till  the  corn  was  mature.  Table  11  gives  the  averages  of 
these  determinations. 

The  general  effect  of  tillage,  as  an  average  for  the  season,  was  to 
lower  the  temperature  from  .3  to  12.4  degrees.  A single  exception 
was  the  average  temperature  taken  at  9 a.m.  for  the  two-inch  depth 
in  1909,  which  was  the  same  for  both  the  plowed  and  the  unplowed 
soil.  The  average  differences  in  temperature  between  the  plowed  and 
the  unplowed  plots  for  the  two-inch  depth  were  1.7  degrees  at  9 a.m., 

4.7  at  1 :45  p.m.,  and  3.9  at  4 :45  p.m.  The  average  differences  for 
the  four-inch  depth  were  1.3  degrees  at  9 a.m.,  2.2  at  1 :45  p.m.,  and 

1.8  at  4 :45  p.m. 

Early  in  the  spring  the  effect  of  plowing  is  to  raise  the  tempera- 
ture of  the  soil  by  decreasing  the  amount  of  evaporation,  which  is  a 
cooling  process,  and  by  concentrating  the  heat  near  the  surface. 
Evaporation  takes  place  very  rapidly  from  unplowed  soil  because  of 
its  compactness  and  its  rather  high  moisture  content.  Later  in  the 
season,  however,  after  the  unplowed  soil  loses  some  of  its  moisture, 
the  tendency  is  for  it  to  become  warmer  than  the  plowed  and  culti- 
vated soil,  and  the  result  is  that  during  June,  July,  August,  and  Sep- 
tember the  relative  temperature  of  the  unplowed,  uncultivated  soil  is 
higher  from  one  to  twelve  degrees. 
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EXPERIMENTS  IN  SOUTHERN  ILLINOIS 

A series  of  experiments  was  conducted  at  the  Fairfield  field  in 
Wayne  county,  on  the  gray  silt  loam  on  tight  clay,  the  common  prairie 
• soil  of  southern  Illinois,  to  determine  the  relative  value  of  cultivation 
on  that  type  of  soil.  The  results  are  given  in  Table  12,  while  Table 
13  shows  the  monthly  rainfall  during  the  time  of  the  experiments. 

Comparing  Plots  1 and  2,  we  find  that  a good  seed  bed,  as  prepared 
on  Plot  2,  increased  the  yield  by  215  percent  on  this  type  of  soil, 
while  on  the  brown  silt  loam  treated  similarly  at  the  University,  it 
gave  an  increase  of  46.2  percent.  Expressed  in  actual  yield,  the  in- 
crease at  Fairfield  was  12.9  bushels,  and  at  Urbana  14.5.  The  yields  as 
given  in  the  table  show  a benefit  of  only  .2  bushel  from  cultivation 
after  the  seed  bed  was  prepared.  Taking  the  average  of  the  first  three 
years,  it  will  be  seen  that  the  uncultivated  plot  gave  an  actual  increase 
of  .3  bushel  over  the  cultivated.  The  fertilized  gave  an  increase  of  58.1 
percent  over  the  standard  cultivated. 

EXPERIMENTS  IN  MANY  STATES 

Bulletin  257  of  the  United  States  Bureau  of  Plant  Industry  gives 
data  recently  obtained  on  many  different  soils  in  twenty-eight  states. 
It  seems  unfortunate  that  the  types  of  soil  were  not  described  more 
fully  in  the  bulletin,  as  some  important  distinctions  in  regard  to  soils 
might  be  deduced.  In  six  years’  experiments  with  corn,  from  1905 
to  1911,  representing  112  tests,  the  average  yield  from  uncultivated 
plots  of  various  types  of  soil  expressed  in  percentage  of  similar  cul- 
tivated plots  was  99.8  percent.  This  figure  indicates  that  cultivation 
has  but  little  value  in  growing  a crop  of  corn,  provided  the  weeds  are 
kept  down  in  some  other  way.  It  shows  that  the  principal  value  of 
cultivation  lies  in  the  killing  of  weeds  and  not  in  the  aeration  of  the 
soil  or  the  conservation  of  moisture.  We  find  that  in  subhumid  or 
semiarid  sections  the  average  yield  from  the  uncultivated  land  was 

Table  14. — Corn  Yields  of  Uncultivated  Plots  Expressed  in  Percentage  of 

the  Yields  of  Cultivated  Plots  for  Different  Groups  of  Soil  Types1 

(Average  of  six  years’  experiments,  1905-1911)2 


Groups  of  soil  types 

Average  percent 

Clays  

92.6 

Clay  loams 

94.5 

Silt  loams 

102.4 

Sandy  loams 

105.7 

Average  of  groups 

98.8 

’Data  taken  from  U.  S.  Bur.  Plant  Indus.  Bui.  257. 

2This  includes  only  the  data  from  soils  which  could  be  classified. 
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85.9  percent  of  that  from  the  cultivated.  This  shows  a greater  neces- 
sity for  cultivation  in  such  regions  than  in  humid  ones.  The  results 
obtained  from  some  of  the  different  types  of  soil  experimented  with 
are  reported  in  Table  14. 

It  will  be  noticed  that  the  value  of  cultivation  diminishes  as  the 
coarseness  of  the  soil  increases.  This  is  wThat  would  be  expected,  con- 
sidered theoretically.  The  fine-grained  soils,  such  as  clays  and  clay 
loams,  are  naturally  somewhat  poorly  aerated,  and  for  these  culti- 
vation would  be  of  value  for  aeration.  In  the  coarser  soils,  the  silt 
loams  and  sandy  loams,  aeration  is  naturally  better  and  hence  culti- 
vation is  not  so  beneficial. 

SUBSOILING 

Investigations  to  determine  the  value  of  subsoiling  in  preparation 
for  corn  on  gray  silt  loam,  on  tight  clay,  the  common  prairie  soil  of 
the  lower  Illinois  glaciation,  have  been  carried  on  for  eight  years  at 
the  Odin  field,  in  southern  Illinois.  Table  15  gives  the  results  of 
these  experiments.  The  form  of  plow  used,  shown  by  Fig.  7,  consists 
of  a shoe  that  runs  in  the  bottom  of  the  furrow  made  by  the  ordinary 
mold-board  plow,  loosening  the  soil  but  not  throwing  it  upon  the 
surface. 


Pig.  7. — Subsoil  Plow.  Follows  Ordinary  Plow  and  Loosens  the  Soil  in  the 
Bottom  of  the  Furrow 


It  will  be  seen  that  with  every  soil  treatment  there  was  an  almost 
uniform  decrease  in  yield  for  subsoiling.  The  general  average  for 
eight  years  shows  a decrease  of  2.7  bushels  per  acre.  The  alleged 
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benefit  of  subsoiling  is  the  increasing  of  the  water  Capacity  of  soils  and 
of  their  ability  to  retain  water  during  dry  seasons.  Yet  in  1913  and 
1914,  both  of  which  were  very  dry  seasons,  this  method,  as  a general 
average,  gave  only  the  very  slight  increases  of  .5  and  .7  bushel  respec- 
tively. The  subsoil  was  loosened  by  the  plow,  but  ran  together  as  soon 
as  it  was  wet  and  became  approximately  as  it  was  before.  The  experi- 
ments as  a whole  show  that  subsoiling  on  this  type  of  soil  not  only  does 
not  pay,  but  is  a losing  operation,  for  in  order  to  pay  for  the  extra 
work  involved  in  subsoiling,  at  least  a three-bushel  increase  would  be 
necessary. 

Note. — Until  recently  the  amounts  of  limestone  and  crop  residues  on  the  Odin 
field  were  too  small  to  provide  for  the  adequate  liberation  of  potassium  ; but  where 
larger  supplies  of  limestone  and  organic  matter  are  provided  the  addition  of  potas- 
sium salts  produces  but  little  effect,  as  will  be  seen  from  the  results  of  the  Fairfield 
experiments  reported  in  Bulletin  123,  and  in  the  Appendix  of  county  soil  reports. 

Table  15. — Corn  Yields  in  Tillage  Experiments  on  Gray  Silt  Loam  on  Tight 

Clay,  Odin  Field1 


(Bushels  per  acre  as  an  average  of  two  plots) 


Soil  treatment 

1907 

1 1908 

1909 

1910 

1911 

1912 

1913 

1914 

8-yr. 

av. 

Not  Subsoiled 

None  

44.4 

35.5 

29.3 

28.8 

16.8 

26.1 

2.5 

4.3 

23.5 

Residues  

50.1 

33.2 

30.4 

32.8 

19.0 

39. 6J 

3.9 

3.3 

26.5 

Residues,  lime 

47.3 

35.5 

29.2 

40.3 

24.7 

48.6 

4.1 

2.1 

28.9 

Residues,  lime,  phosphorus 

47.0 

39.9 

38.9 

38.7 

22.8 

49.4 

6.1 

2.0 

30.6 

Residues,  lime,  phosphorus,  potas. 

70.1 

76.1 

64.0 

79.S 

35.7 

65.4’ 

10.1 

3.1 

50.5 

Average  

51.8 

44.0 

38.3 

44.1 

23.8 

45.8 

5.3 

2.9 

32.0 

Subsoiled 


None  

Residues  

Residues,  lime  

Residues,  lime,  phosphorus 

Residues,  lime,  phosphorus,  potas. 

37.6 

43.2 

47.3 

44.4 

59.4 

32.5 

26.4 

34.9 

45.9 
60.3 

24.1 

27.2 

28.5 

37.6 
60.4 

22.5 
35.1 

37.5 
39.8 

85.6 

13.3 
19.9 
22.7 
19.9 

40.4 

31.7 
24.02 
47.5 
28.1 
48. 52 

3.2 

3.6 

4.1 

7.9 

10.1 

4.0 

4.3 

2.4 

2.5 

5.0 

21.1 

22.9 

28.1 

28.3 

46.2 

Average  

46.3 

40.0 

35.5 

44.1 

23.2 

35.9 

5.8 

3.6 

29.3 

'‘The  east  half  of  each  plot  of  each  series  was  subsoiled  as  follows:  Series 
400  in  1907,  Series  300  in  1908,  Series  200  in  1909,  Series  100  in  1910,  and  so  on 
in  regular  succession. 


“Yields  from  single  plots,  as  the  corn  in  two  plots  in  1912  was  badly  damaged 
by  water. 


DEEP  TILLING 

Farmers  are  frequently  urged  to  purchase  a machine  for  plowing 
to  a depth  of  12  to  15  inches.  There  is  little  doubt  that  under  certain 
conditions  of  soil  and  climate  such  plowing  would  be  beneficial;  but 
the  results  obtained  by  the  Experiment  Station  in  this  state  with  the 
deep-tilling  machine  on  the  common  prairie  soil  of  the  corn  belt  do 


586 


Bulletin  No.  181 


[April, 


not  warrant  recommending  its  purchase.  Experiments  have  been 
started  also  on  gray  silt  loam  on  tight  clay,  in  southern  Illinois,  to 
determine  the  comparative  value  of  ordinary  plowing,  subsoiling,  deep 
tilling  (plowing  12  to  15  inches  deep),  and  dynamiting  the  subsoil. 
Only  one  year’s  results  have  been  secured,  and  no  conclusions  are  as 
yet  justified. 
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Summary  of  Bulletin  No.  182 

1.  Potassium  can  be  liberated  as  needed  from  the  inexhaustible 
supply  naturally  contained  in  the  normal  soils  of  Illinois. 

2.  The  amount  of  potassium  taken  up  from  ordinary  Illinois  soil 
by  clover  is  from  two  to  three  times  the  amount  required  for  plant 
growth.  The  excess  probably  is  merely  tolerated,  as  is  sodium  and 
silicon,  both  of  which  are  present  in  the  soil  solution  and  are  taken  up 
by  plants  in  considerable  amounts,  altho  neither  is  essential  for  plant 
growth. 


POTASSIUM  FROM  THE  SOIL 


By  CYBIL  G.  HOPKINS,  Chief  in  Agronomy  and  Chemistry,  and 
J.  P.  AUMER,  Associate  in  Chemistry 

Potash  is  so  widely  advertised  and  commercial  potassium  has  been 
given  such  a prominent  place  in  most  of  the  experiments  relating  to 
soil  fertility,  both  in  this  country  and  abroad,  that  the  greatest  natural 
source  of  potassium, — the  soil, — like  the  inexhaustible  atmospheric 
supply  of  nitrogen,  is  not  generally  understood  or  appreciated. 

The  fact  is  that  the  total  amount  of  commercial  potassium  applied 
annually  to  all  the  farms  of  the  United  States  is  no  more  than  is  con- 
tained in  one  square  mile  of  common  corn-belt  land  to  a depth  of  six 
feet,  and  the  important  potash  problem  is  how  to  liberate  it  as  needed 
from  the  inexhaustible  supply  already  contained  in  all  normal  soils. 

COMMERCIAL  POTASSIUM 

Potassium  (also  called  kalium — K)  is  an  important  plant-food  ele- 
ment. It  makes  up  83  percent  of  potash  (K20),  about  42  percent  of 
commercial  potassium  chlorid  (KC1),  incorrectly  called  “ muriate  of 
potash,”  about  42  percent  of  commercial  potassium  sulfate  (K2S04), 
and  about  10  percent  of  kainit,  a crude  salt  taken  directly  from  the 
German  potash  mines. 

In  the  Journal  of  Industrial  and  Engineering  Chemistry , January, 
1915,  page  59,  Mr.  W.  H.  Bowker,  President  of  the  Bowker  Fertilizer 
Company,  a branch  of  the  American  Agricultural  Chemical  Company, 
makes  the  following  statement : 

“There  are  7,000,000  tons  of  fertilizer  consumed  in  this  country  annually,  of 
which  probably  5,000,000  tons  are  what  are  called  complete  fertilizers,  that  is,  con- 
taining the  three  essential  elements  of  plant  nutrition — nitrogen,  phosphorus,  and 
potash.  ’ ’ 

It  may  be  added  that  the  most  common  so-called  “complete”  fer- 
tilizer used  in  this  country  contains  about  1%  percent  of  potassium, 
while  the  most  common  corn-belt  soil  contains  about  1%  percent  of 
potassium. 

In  the  same  article,  Mr.  Bowker  quotes  the  following  statement 
concerning  the  German  Kali  Works,  or  Potash  Syndicate: 

“The  Syndicate  is  spending  a million  dollars  a year  in  its  world- wide  cam- 
paign, * * * * and  any  farmer  who  cares  to  study  the  statistics  showing  the  enor- 
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mously  increased  use  of  potash  in  American  fertilizers  during  the  past  decade  must 
be  convinced  that  advertising  pays.  ’ ’ 

NORMAL  AND  ABNORMAL  SOILS 

While  some  abnormal  soils,  such  as  the  peat,  or  muck,  of  certain 
Illinois  swamp  lands  and  the  siliceous  sands  of  the  Atlantic  and  Gulf 
Coastal  Plains,  are  positively  deficient  in  potassium,  the  most  com- 
mon, or  normal,  soils  are  richly  supplied.  (Normal  soils  are  those 
which  bear  relation  in  composition  to  the  average  of  the  earth’s  crust 
from  which  they  are  formed.)  Thus  2 million  pounds  of  the  common 
corn-belt  land,  corresponding  to  the  plowed  soil  of  an  acre  to  a depth  of 
about  6%  inches,  contains  about  35,000  pounds  of  potassium  and  1,200 
pounds  of  phosphorus,  while  2 million  pounds  of  the  earth’s  crust  con- 
tains as  an  average  about  50,000  pounds  of  potassium  and  2,200  of 
phosphorus. 

While  phosphorus  is  usually  deficient,  all  must  admit  the  abun- 
dance of  potassium  when  the  total  supply  of  normal  soils  is  considered ; 
but  the  contention  is  usually  made  that  the  potassium  of  the  soil  is 
unavailable,  and,  instead  of  being  advised  to  make  it  available,  the 
farmer  is  urged  to  purchase  soluble  potassium  salts  from  commercial 
agents. 

THE  “INSOLUBLE  RESIDUE” 

The  chief  purpose  of  the  investigations  reported  in  this  bulletin 
was  to  secure  information  as  to  the  power  of  decaying  organic  matter 
to  liberate  potassium  from  the  soil ’s  abundant  supply. 

The  method  of  soil  analysis  commonly  employed  by  many  investi- 
gators involves  the  digestion  of  a certain  amount  (10  grams)  of  the 
soil  with  a certain  quantity  (100  cubic  centimeters)  of  a certain  acid 
(hydrochloric)  of  a certain  strength  (specific  gravity  1.115),  at  a cer- 
tain temperature  (the  boiling  point  of  water),  for  a certain  time  (10 
hours).  The  “insoluble  residue”  is  then  discarded  as  valueless,  and 
analyses  are  made  of  only  that  part  of  the  soil  which  dissolves  under 
these  specific  conditions  arbitrarily  fixed. 

As  shown  by  the  many  soil  analyses  reported  in  Bulletin  123,  the 
“acid-soluble”  potassium  found  by  this  method  is,  as  a general  aver- 
age, only  about  15  to  25  percent  of  the  total  potassium  contained  in 
the  soil.  It  has  seemed  highly  desirable,  therefore,  to  ascertain 
whether  growing  plants  with  their  roots  in  constant  contact  for  months 
with  the  soil  particles  might  not  secure  some  potassium  even  from  this 
“insoluble  residue,”  especially  in  connection  with  the  decomposition 
products  of  organic  matter.  In  other  words,  Can  the  plant  find  value 
in  the  ‘ ‘ insoluble  residue  ’ ’ discarded  by  the  analyst  ? 
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PREPARATION  OF  POT  CULTURES 

This  investigation  was  begun  in  1909.  The  soil  was  taken  from  the 
Experiment  Station  Farm  of  the  University  of  Illinois,  which  is  rep- 
resentative of  the  brown  silt  loam  of  the  early  Wisconsin  glaciation, 
the  most  common  Illinois  prairie  land.  This  soil  was  found  to  contain 
1.784  percent  of  total  potassium,  corresponding  to  35,680  pounds  in  2 
million  pounds  of  soil,  but  of  this,  an  amount  corresponding  to  28,560 
pounds  remained  in  the  “insoluble  residue”  by  the  common  method  of 
analysis  just  described. 

By  digesting  many  portions  of  this  soil  with  the  usual  proportion 
and  strength  of  acid  under  regular  conditions  of  temperature  and 
time,  a sufficient  quantity  of  the  “insoluble  residue”  was  secured  for  a 
series  of  pot  cultures  prepared  as  follows  in  glass  jars  of  about  one- 
gallon  capacity. 

Pots  1 and  la  were  filled  with  normal  soil. 

Pots  2,  3,  and  4 were  filled  with  the  “insoluble  residue”  from  the 
acid-digestion  of  the  same  kind  of  soil,  and  the  following  chemicals  in 
powdered  form  were  incorporated  with  the  “insoluble  residue”: 

Pot  2.  120  grams  of  calcium  carbonate,  CaC03 

120  grams  of  calcium  phosphate,  Ca3(P04)2 
30  grams  of  calcium  sulfate,  CaS04 

grams  of  magnesium  sulfate,  MgS04 
5 grams  of  iron  chlorid,  FeCl, 

Pot  3.  The  same  as  to  Pot  2,  and  in  solution  .160  gram  of  ammonium  ni- 
trate, NH4N03 

Pot  4.  The  same  as  to  Pot  2,  and  in  solution  .143  gram  of  ammonium  ni- 
trate, NH4N03,  and  .089  gram  of  sodium  ammonium  phosphate, 
NaNH4HP044H20 

EXPERIMENTS  AND  RESULTS  FOR  1910  AND  1911 

Seven  seeds  of  red  clover  (inoculated)  and  seven  of  rape  were 
planted  in  each  pot.  The  germination  of  the  clover  was  poor,  and  the 
plants  in  the  residue  pots  (2,  3,  and  4)  soon  died.  After  about  two 
weeks  the  rape  plants  were  turned  under. 

To  Pot  2 was  then  added  .200  gram  of  potassium  sulfate,  K2S04, 
and  small  amounts  of  ammonium  nitrate  and  sodium  ammonium  phos- 
phate. Rape  and  clover  seed  were  again  planted  in  all  the  pots  several 
times,  but  in  the  extracted  soil  the  plants  failed  to  live,  even  in  Pot  2, 
and  further  small  applications  of  the  plant-food  solutions  did  not  keep 
them  alive.  The  plants  in  the  normal  soil  were  removed  and  seed 
replanted  whenever  the  other  pots  were  replanted. 

The  extracted  soil  was  so  compact  and  “run  together”  that  the  fail- 
ure was  clearly  due  to  bad  physical  condition.  To  remedy  this,  a quan- 
tity of  quartz  sand  was  extracted  by  the  usual  method  of  acid-digestion 
described  above,  and  a sufficient  amount  was  mixed  with  the  extracted 
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soil  of  each  pot  to  fill  two  pots.  These  extra  pots  were  numbered  2a, 
3a,  and  4a.  The  soil  of  each  of  these  six  pots  was  then  leached,  or  ex- 
tracted, with  distilled  water,  to  remove  at  least  part  of  the  small 
amounts  of  soluble  potassium,  phosphorus,  and  nitrogen  salts  that 
might  have  remained  from  the  previous  applications. 

Five  clover  seeds,  inoculated  with  clover  bacteria,  were  then  planted 
in  each  pot,  2 of  red  clover  and  3 of  alsike.  With  some  replanting,  an 
irregular  stand  of  alsike  was  finally  secured,  but  the  plants  which  sur- 
vived showed  very  marked  differences,  or  individuality,  in  their  ability 
to  develop.  At  the  close  of  the  season  of  1910  the  highest  yield  of  dry 
matter  from  the  tops  and  roots  of  the  plants  grown  in  the  extracted 
soil  where  no  potassium  fertilizer  had  been  added  (Pot  4a)  amounted 
to  6V2  grams.  From  analyses  of  subsequent  crops  this  dry  matter  was 
estimated  to  contain  221/2  milligrams  of  potassium,  while  the  total  po- 
tassium added  to  this  pot  (in  seed,  inoculation,  and  impurities)  had 
been  only  1.4  milligrams.  The  smallest  yield  was  in  Pot  3a,  in  which 
none  of  the  plants  developed  much  growth.  The  crop  of  % gram  from 
this  pot  was  estimated  to  contain  only  twice  as  much  potassium  as  the 
total  additions. 

Both  tops  and  roots  of  the  1910  crop  were  incorporated  with  the 
extracted  soil  in  the  respective  pots,  and  clover  (chiefly  alsike)  was 
grown  again  in  1911.  A perfect  stand  was  not  secured,  but  the  plants 
grew  very  much  better  than  in  1910.  The  clover  tops  were  harvested 
on  August  9,  and  again  on  December  21,  when  the  roots  were  also  re- 
moved, air-dried,  and  weighed. 

The  more  important  data  for  the  two  years  are  recorded  in  Table  1. 


Table  1. — Potassium  Applied  and  Clover  Produced  in  Pot  Cultures  with 
Insoluble  Kesidue  from  Soil,  1910,  1911 

(Expressed  in  grams) 


Pot 

No. 

Data  for  1910 

Data  for  1911 

Potassium 

applied 

Dry 

produce 

Potassium 

applied 

Air-dry 

produce 

1 

.0024 

No  record 

.00005 

32.76 

la 

.0022 

8.0506 

.00006 

26.73 

2 

.3155 

1.7768 

.00004 

30.33 

2a 

.3155 

2.8305 

.00007 

18.79 

3 

.0013 

1.4146 

.00006 

18.88 

3a 

.0013 

.5094 

.00010 

13.08 

4 

.0015 

1.6135 

.00009 

11.33 

4a 

.0014 

6.5951 

.00007 

21.29 

Aside  from  Nos.  2 and  2a,  no  pots  received  any  potassium  except 
that  contained  in  the  seed  planted,  in  the  inoculating  material,  and  as 
impurity  in  the  other  plant  foods  used ; and  to  Pots  2 and  2a  potassium 
fertilizer  was  added  only  for  1910.  The  different  plants  grown  in  1911 
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also  showed  considerable  individuality,  some  making  much  better 
growth  than  others.  The  tops  and  roots  were  again  incorporated  as 
organic  manure  with  the  extracted  soil  in  the  respective  pots. 

EXPERIMENTS  AND  RESULTS  FOR  1912 

In  1912  two  more  pots  were  added  to  the  series,  Nos.  5 and  5a. 
These  were  filled  with  extracted1  quartz  sand.  The  same  plant-food 
materials  were  added  to  these  pots  as  were  originally  applied  in  pow- 
dered form  to  Pots  2,  3,  and  4,  but  quartz  contains  no  potassium,  and 
thus  differs  from  the  “insoluble  residue’ ’ from  soil  extraction. 

The  entire  series  was  planted  on  February  12, 1912,  with  five  seeds 
of  alsike  to  each  pot ; and  with  some  replanting  a good  stand  was  se- 
cured. The  growth  was  fairly  normal  during  the  season.  The  leaves 
were  gathered  from  time  to  time  as  they  seemed  to  mature,  and  all  were 
added  to  the  final  harvest  on  December  12,  1912,  the  produce  from  each 
pot  being  kept  by  itself.  Figs.  1 and  2 show  photographic  views  of 
these  duplicated  series  of  pot  cultures  with  the  1912  clover  crop. 

The  sand  pots,  5 and  5a,  were  planted  and  replanted  several  times, 
and  the  solutions  of  ammonium  nitrate  and  sodium  ammonium  phos- 
phate were  also  added,  but  the  plants  either  remained  very  small  or 
finally  died,  neither  pot  producing  sufficient  crop  to  harvest  or  analyze. 

The  1912  clover  tops  from  all  but  the  sand  pots  were  analyzed,  and 
likewise  the  roots  from  Pots  la,  2a,  3a,  and  4a ; but  the  roots  from  Pots 
1,  2,  3,  and  4 were  cut  up  and  returned  to  those  respective  pots  before 
planting  the  next  crop.  In  Table  2 are  recorded  the  important  data 
concerning  the  1912  crop. 


Table  2. — Potassium  Applied,  Air-dry  Clover  Produced,  and  Potassium  Found 
in  Tops  and  Roots  Analyzed,  1912 

(Expressed  in  grams) 


Pot 

No. 

Potassium 

applied 

Air-dry  produce 

Potassium  found 

Tops 

Roots 

In  tops 

In  roots 

1 

.00003 

25.56 

14.29 

.2852 

la 

.00003 

34.20 

12.04 

.3310 

.1109 

2 

.00003 

34.20 

16.30 

.1487 



2a 

.00003 

41.07 

26.80 

.1519 

.0257 

3 

.00004 

34.40 

13.40 

.1406 

3a 

.00003 

29.08 

10.47 

.1206 

.0215 

4 

.00005 

25.25 

13.70 

.0909 

4a 

.00007 

38.51 

17.30 

.1324 

.0232 

With  no  addition  of  potassium  fertilizer,  the  “insoluble  residue’ ’ 
in  Pots  3,  3a,  4,  and  4a  produced  a larger  average  yield  (31.81  grams) 


q^or  this  extraction  dilute  sulfuric  acid  was  used. 
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Fig.  1. — Clover,  1912.  Pots  1 to  5 from  left  to  right 

in  1912  than  was  produced  from  the  normal  soil  (29.88  grams,  aver- 
age of  Pots  1 and  la). 

The  total  potassium  added  to  Pots  3,  3a,  4,  and  4a  in  seed,  inocula- 
tion, and  impurities  amounted  to  6 milligrams  for  the  three  years  1910- 
1912,  while  the  amount  of  potassium  found  in  the  1912  tops  and  roots 
analyzed  from  these  four  pots  was  529.2  milligrams,  of  which  523.2 
milligrams,  or  nearly  99  percent,  must  have  been  secured  from  the 
‘‘insoluble  residue.’ ’ 

The  pots  used  were  about  6 inches  in  diameter,  and  the  total  area 
of  the  four  pots  was  not  more  than  one  fifty-thousandth  part  of  an 
acre,  so  that  potassium  was  secured  from  the  “insoluble  residue”  at 
the  rate  of  26,160  grams,  or  57  pounds,  per  acre.  The  air-dry  hay  har- 
vested in  1912  from  these  four  pots  amounted  to  127.24  grams,  or  to 
about  7 tons  per  acre,  while  the  yield  from  the  normal  soil  was  about 
6!/2  t°ns  per  acre. 

The  results  indicate  that  after  two  years  of  green  manuring,  suf- 
ficient potassium  was  liberated  from  the  “insoluble  residue”  to  enable 
the  clover  to  be  benefited  by  the  lime  and  phosphate  fertilizers  so  as  to 
outyield  the  crops  on  the  normal  soil,  to  which  no  such  fertilizers  had 
been  applied. 

The  clover  hay  produced  on  the  normal  soil  contained  about  three 
times  as  much  potassium  per  gram  as  was  contained  in  crops  from 
the  “insoluble  residue,”  which  indicates  that  the  actual  requirement 
for  potassium  by  clover  may  be  very  much  less  than  has  been  estimated 
from  the  composition  of  hay  grown  on  ordinary  soils.  In  other  words, 
much  of  the  potassium  commonly  found  in  crops  may  not  be  required 
but  merely  tolerated,  being  taken  up  by  the  growing  plants  because  of 
the  abundance  in  the  soil. 

Thus  the  facts  established  by  these  investigations  tend  to  support 
the  suggestion  made  in  Bulletin  123  (page  216)  and  in  the  Appendix 
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Fig.  2. — Clover,  1912.  Pots  1a  to  5a  from  left  to  right 

of  the  County  Soil  Reports  (under  “The  Potassium  Problem”),  that 
the  benefit  sometimes  produced  by  potash  fertilizers,  when  applied  to 
soils  very  deficient  in  decaying  organic  matter,  may  be  due  in  part  at 
least  to  the  power  of  the  soluble  potash  salt  to  increase  the  availability 
of  phosphorus  or  other  elements. 

EXPERIMENTS  AND  RESULTS  FOR  1913  AND  1914 

As  already  stated,  the  only  organic  matter  incorporated  with  the 
soil  in  preparing  for  the  1913  planting  was  the  clover  roots  in  Pots  1, 
2,  3,  and  4,  and  the  same  plan  was  followed  for  1914 ; that  is,  the  tops 
from  all  pots  and  the  roots  from  la,  2a,  3a,  and  4a  of  the  1913  and  1914 
crops  were  used  for  analysis,  the  same  as  in  1912.  The  important  data 
for  1913  and  1914  are  combined  in  Table  3. 


Table  3. — Potassium  Applied,  Air-dry  Clover  Produced,  and  Potassium  Found 
in  Tops  and  Roots  Analyzed,  1913  and  1914 

(Expressed  in  grams) 


Pot 

Potassium 

Air-dry  produce 

Potassium  found 

No. 

applied 

Tops 

Roots 

In  tops 

In  roots 

1 

.00012 

67.73 

4.8 11 

.8758 

la 

.00015 

78.29 

9.821 

.7849 

.0404 

2 

.00016 

51.05 

15.23 

.1979 

2a 

.00019 

33.38 

6.66 

.2526 

.0159 

3 

.00020 

50.99 

24.80 

.1960 

3a 

.00021 

16.84 

3.90 

.1390 

.0071 

4 

.00012 

76.33 

25.22 

.2909 

4a 

.00018 

43.82 

12.72 

.2083 

.0158 

1The  roots  in  the  normal  soil  (Pots  1 and  la)  were  found  largely  decayed  at 
harvest  time  and  could  be  only  partially  saved  for  analysis. 
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The  drainage  outlet  from  Pot  3a  became  clogged,  which  probably 
accounts  for  the  very  poor  growth,  but  it  was  apparent  in  both  1913 
and  1914  that  the  clover  grew  better  where  the  roots  from  previous 
crops  were  incorporated  with  the  “insoluble  residue. ” However,  the 
authors  have  no  explanation  for  the  larger  amount  of  potassium  recov- 
ered from  Pot  2a  than  from  2,  unless  it  was  the  irregularity  of  subse- 
quent leaching  of  the  potassium  applied  to  those  pots  in  1910.  The 
total  potassium  secured  from  Pots  3,  3a,  4,  and  4a  for  the  two  years 

1913  and  1914  was  857.1  milligrams,  or  428.5  milligrams  per  year,  as 
compared  with  529.2  milligrams  for  1912. 

POTASSIUM  IN  THREE  CROPS 

The  potassium  secured  in  the  clover  tops  from  Pots  3 and  4 was  as 
follows : 

231.5  milligrams  in  1912 

255.3  milligrams  in  1913 

231.6  milligrams  in  1914 

718.4  milligrams  in  three  years 

The  total  amount  of  potassium  added  to  Pots  3 and  4 from  1910  to 

1914  was  3.4  milligrams,  so  that  715  milligrams  were  secured  from  the 
“insoluble  residue”  by  the  clover  tops  analyzed  from  those  two  pots, 
where  the  roots  were  turned  back  each  year.  This  corresponds  to  158 
pounds  of  potassium  per  acre  in  three  years’  crops.  A 100-bushel 
crop  of  corn  contains  about  73  pounds  of  potassium  in  the  grain,  stalks, 
and  cobs. 

It  seems  plainly  evident  that  potassium  need  not  be  purchased  for 
use  on  normal  soils  for  the  production  of  the  staple  farm  crops,  but 
that  it  may  easily  be  liberated  in  abundance  by  means  of  decaying  or- 
ganic matter,  such  as  green  manures,  crop  residues,  and  farm  manures ; 
and,  of  course,  these  materials,  if  applied  in  sufficient  quantity,  will 
supply  nitrogen  and  liberate  phosphorus  from  the  phosphates  natur- 
ally contained  in  the  soil  or  applied  to  it  where  needed. 
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TESTING  FOR  FAT  IN  MILK  BY  THE  BABCOCK  TEST 
Department  of  Dairy  Husbandry 


The  Babcock  test  is  the  most  satisfactory  and  practical  means  of 
determining  the  amount  of  butter  fat  in  milk.  It  is  the  test  generally 
used  as  a basis  of  payment  for  milk.  Commercial  plants,  altho  buying 
milk  by  the  hundredweight,  may  test  a sample  from  each  can  or  they 
may  make  but  one  average  test  for  a longer  period  of  time.  In  the 
latter  case,  a representative  sample  of  the  product  delivered  for  a one- 
or  two-week  period  is  made  by  mixing  small  samples  from  each  de- 
livery. The  test  of  this  sample  is  the  average  test  for  the  period 
covered. 

When  making  the  Babcock  test  to  determine  the  butter-fat  pro- 
duction of  a cow,  a representative  sample  is  the  first  and  most  impor- 
tant item.  The  fat  content  of  milk  varies  so  greatly  that  a sample  from 
a single  milking  will  not  give  an  average  test.  The  sample,  therefore. 
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should  be  “composite” ; that  is,  it  should  be  a mixture  of  samples  taken 
from  a number  of  milkings,  usually  for  a period  of  one  to  seven  days. 

Mason  jars  or  bottles  with  close-fitting  covers 
(Fig.  i)  should  be  provided  for  each  cow  that  is 
to  be  tested,  and  each  bottle  should  be  marked  with 
the  number  of  the  individual  animal.  After  the 
milk  from  a cow  is  thoroly  mixed  by  being  poured 
from  one  vessel  to  another  four  times,  the  sample 
is  taken  with  a small  dipper  (Fig.  2)  and  placed  in 
the  proper  bottle.  It  is  important  that  the  same 
amount  of  milk  be  dipped  each  time  a sample  is 
taken. 

Some  of  the  milk  in  the  sample  jar  will  be 
several  days  old  and  will  require  a preservative  to 
prevent  its  souring.  No.  2 corosive  sublimate  tab- 
lets, sold  by  creamery  supply  houses,  or  powdered 
potassium  bichromate  (K2  Cr2  07)  may  be  used 
for  this  purpose.  In  the  latter  case,  half  a gram, 
or  from  7 to  8 grains,  of  bichromate  (the  amount  that  can  be  held  on 
the  point  of  a knife)  will  be  sufficient.1  The  jars  containing  the  com- 
posite samples  should  be  gently  shaken  after  each  addition  of  milk. 
At  the  end  of  the  period  which  the  test  is  to  cover,  the  composite 
sample  for  each  cow  is  tested  for  butter  fat. 


Covered  Bottle  for 
Milk  Sample 


Apparatus 

The  apparatus  used  in  making  the  test  is  as  follows : a milk  pi- 
pette of  17.6  cc.  capacity  for  measuring  the  milk  (Fig.  3)  ; a milk  test 

bottle  (Fig.  4)  ; an  acid  measure  of  17.5  cc.  capacity  (Fig.  5)  ; 

and  a tester  in  which  to  whirl  the  test  bottles  (Figs.  6,  7,  and  8). 

The  apparatus  for  farm  use  may  be  purchased  at  prices  varying  from 
$4  to  $14.  A cup  as  is  shown  in  Fig.  9 is  convenient  for  adding  the 
hot  water  to  the  test  bottles.  Dividers  may  be  used  to  measure  the 
length  of  the  fat  column  (Fig.  10). 

The  necessary  commercial  sulphuric  acid  may  be  secured  from  any 
creamery  supply  house,  or  small  amounts  may  be  purchased  from  any 
druggist. 


1Both  chemicals  mentioned  are  poisonous  and  should  be  used  with  caution. 
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Figs.  2,  3,  4,  and  5 

(2)  Small  Dipper  for  Taking  Sample;  (3)  Pipette  for  Measuring  Milk; 
(4)  Milk  Test  Bottle;  (5)  Acid  Measure 
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Fig.  6— Small  Hand  Tester 


Fig.  7— Covered  Hand  Tester 


Fig.  8.— Steam  Tester 
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TESTING  WHOLE  MILK 

The  sample  to  be  tested  should  be  at  a temperature  of  550  to 
65°  F.  Mix  the  milk  thoroly  by  pouring  it  a number  of  times  back  and 
forth  from  the  sample  bottle  into  a clean  vessel,  taking  care  that 
all  curd  or  undistributed  lumps  of  cream  are  broken  down. 
Immediately  after  mixing,  draw  the  milk  up  above  the  mark 
on  the  pipette  and  hold  it  there  by  quickly  placing  the  forefinger  over 
the  end  of  the  stem;  release  the  pressure  of  the  finger  slightly,  allow- 
ing the  milk  to  run  down  to  the  mark  (this  is  easier  to  do  if  the  finger 
is  dry).  Then  transfer  the  pipette  of  milk  to  the  test  bottle,  allowing 
the  milk  to  flow  slowly  down  the  neck  of  the  bottle  and  blowing  the 
last  drop  into  the  bottle.  The  best  results  are  obtained  when  the 
pipette  and  the  test  bottle  are  held  at  a slight  angle  during  this  transfer. 


Fig.  9. — A Convenient  Cup  for  Adding  Hot  Water  to  the  Test  Bottles 

Do  not  lose  any  of  the  milk  sample  in  the  process  of  mixing, 
measuring,  or  transferring,  for  the  Babcock  test  is  essentially  quanti- 
tative and  any  loss  affects  its  accuracy. 

After  transferring  the  milk  to  the  test  bottle,  measure  out  17.5  cc. 
of  commercial  sulphuric  acid  into  the  small  glass  cylinder  (Fig.  5)  and 
pour  it  into  the  test  bottle.  The  acid  should  be  about  the  same  tem- 
perature as  the  milk.  Hold  the  bottle  slanting  and  rotate  it  slowly 
so  that  the  acid  will  run  down  the  narrow  neck  and  carry  down  any 
milk  adhering  to  it.  After  the  acid  is  added,  mix  the  milk  and  acid 
with  a rotary  motion,  being  careful  not  to  force  any  of  the  mixture  in,- 
to  the  neck  of  the  bottle.  Keep  up  the  rotary  motion  until  all  the  curd 
has  been  dissolved  and  the  liquid  is  of  a dark  brown  color. 
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When  the  samples  to  be  tested  have  been  prepared,  put 
the  bottles  in  the  tester,  taking  care  to  place  them  opposite 
each  other  so  that  they  balance.  Turn  the  crank  the  required  number 
of  turns  per  minute  for  five  minutes;  then  without  removing  fill  each 
of  the  bottles  to  its  neck  with  hot  water , and  whirl  them  again  for 
two  minutes.  Add  more  hot  water  to  each  bottle  until  the  neck  is 
filled  to  within  half  an  inch  of  the  upper  limit  of  the  graduation  marks  ; 
then  whirl  the  bottles  again  for  one  minute. 

If  the  foregoing  instructions  have  been  carefully  followed,  the 
neck  of  each  test  bottle  will  contain  a column  of  fat’  which  should  be 
of  a clear  yellow  color.  The  test  is  now  ready  to  read. 

Reading  the  Test 

The  extremes  of  the  fat  in  the  neck  of  the  test  bottle  are  the 
limits  of  the  reading.  The  most  accurate  reading  is  made  when  the 
temperature  of  the  contents  of  the  bottle  is  130°  F. 

It  will  be  noticed  that  the  scale  on  the  neck  of  the  test  bottle  has 
ten  large  divisions,  and  that  each  of  these  is  subdivided  into  five  small 
divisions.  Each  of  the  ten  large  divisions  represents  one  per- 
cent, and  each  small  division,  0.2  percent.  If  the  fat  column  covers 
two  of  the  large  spaces  and  eight  of  the  small  ones,  as  illustrated  in 
Fig.  10  (four  small  spaces  on  either  side  of  the  large  spaces),  the  read- 
ing is  3.6  percent.  This  means  that  there  are  3.6  pounds  of  butter  fat 
in  every  100  pounds  of  the  milk  being  tested.  The  use  of  a pair  of 
dividers  to  measure  the  limits  of  the  fat  column  will  aid  in  securing 
greater  accuracy  in  reading  the  test. 
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Fig.  io— Dividers  for  Measuring  Length  of  Fat  Column 
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Use  of  the  Test  in  Determining  Production 

In  order  to  determine  the  amount  of  butter 
fat  produced  by  a cow,  it  is  necessary  to  know 
the  amount  of  milk  produced  and  the  average  fat 
test  of  the  milk.  To  ascertain  the  milk  produc- 
tion, daily  weighings  should  be  taken,  and  the 
weights  set  down  immediately  on  a milk  sheet 
and  totaled  at  the  end  of  each  month.  The  most 
convenient  scale  for  weighing  the  milk  is  a spring 
balance  graduated  to  pounds  and  tenths  of  pounds, 
with  two  hands,  one  of  which  is  adjustable  so 
that  it  may  be  set  at  zero  with  the  empty  pail  on 
the  hook.  Such  scales  (Fig.  n)  may  be  obtained 
from  any  dairy  supply  house  for  about  $3.50. 
Most  of  these  houses  also  carry  suitable  milk 
sheets  in  stock.  When  the  scale  and  milk  sheet 
are  in  a convenient  place,  the  time  necessary  for 
taking  and  recording  these  weights  is  negligible. 

Records  which  have  been  kept  show  that  the 
yearly  production  of  a cow  can  be  closely  estimated 
from  the  weight  and  the  fat  test  of  the  milk  on  one 
or  two  days  of  each  month.  The  weights  and  com- 
posite samples  should  be  taken  from  two  or  four 
consecutive  milkings  at  the  middle  of  each  month.  In  using  this 
method  of  weighing,  the  total  milk  weight  should  be  divided  by  the 
number  of  days  during  which  weighings  were  made,  and  the  results 
multiplied  by  the  number  of  days  in  that  particular  month. 

The  pounds  of  milk  and  the  average  test  for  the  period  during 
which  the  milk  was  produced,  having  been  determined,  the  pounds  of 
fat  are  obtained  by  multiplying  the  pounds  of  milk  by  the  fat  test. 
This  is  illustrated  by  the  following  yearly  record  of  a cow  freshening 
December  16. 
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Milk 

Test 

Butter  fat 

Month 

lbs. 

percent 

lbs. 

December 

540.3 

47 

25-4 

January 

915-5 

5-5 

50.4 

February 

8804 

4-5 

47-5 

March 

866.3 

5-i 

44-2 

April 

7639 

5-6 

42.8 

May 

812.1 

5-6 

45-5 

June 

746.0 

5-2 

38.8 

July 

747.8 

5-0 

37-4 

August 

612.3 

5-3 

32.5 

September 

465.6 

5-8 

27.0 

October1 

295.0 

5-8 

17.1 

November 

dry 

December 

dry 

7645.2 

5-34 

408.6 

1Milk  for  21  days. 


TESTING  SKIM  MILK 

Skim  milk  for  testing  should  be  caught  at  the  separator  in  clean 
cans.  Utensils  that  have  just  previously  contained  whole  milk  or 
cream  should  not  be  used  unless  they  have  been  thoroly  cleaned,  as 
the  test  will  be  increased  by  particles  of  fat  adhering  to  the  sides  of 
the  can.  The  sample  should  be  taken  from  the  bulk  of  the  skim  milk 
after  it  has  been  well  mixed. 

The  apparatus  used  is  the  same  as  that  for  testing  whole  milk, 
except  that  a test  bottle  of  different  construction  is  required.  As  the 
amount  of  butter  fat  in  skim  milk  is  of  course  small,  it  is  necessary  that 
the  test  bottle  have  a neck  in  which  a very  small  amount  of  butter  fat 
may  be  read  in  terms  of  percent.  A skim-milk  bottle,  therefore,  is 
made  with  two  necks,  a large  one  thru  which  the  skim  milk  and  acid 
are  added,  and  a small,  graduated  one  in  which  the  fat  is  finally  se- 
cured and  read  (see  Figs.  12  and  13). 

Mix  the  sample  carefully,  as  described  for  the  whole-milk  test. 
Measure  17.6  cc.  of  the  sample  in  the  pipette  and  transfer  to  the  test 
bottle,  allowing  it  to  flow  down  the  large  neck.  Then  add  the  acid  as 
in  the  whole-milk  test,  using  about  20  cc.  instead  of  17.5  cc.  If  the 
acid  is  added  in  small  quantities,  and  the  sample  is  carefully  shaken 
after  each  addition,  better  results  will  be  obtained  than  if  the  total 
amount  is  added  at  once.  Care  must  be  exercised  to  avoid  forcing 
small  lumps  of  curd  into  the  calibrated  neck  when  mixing  the  acid 
with  the  milk. 


IO 


II 


When  putting  the  bottles  into  the  tester,  place  the  large  filling  tube 
toward  the  center.  Unless  this  is  done,  a portion  of  the  fat  will  not 
gather  in  the  calibrated  neck,  and  the  test  will  thereby  be  rendered  in- 
accurate. Whirl  the  bottles  and  add  water  as  in  the  test  for  whole 
milk,  but  run  the  centrifuge  from  two  to  five  minutes  longer. 

The  test  should  be  read  at  130°  to  140°  F.  In  the  type  of  test 
bottle  shown  in  Fig.  12,  each  of  the  graduation  marks  has  a value  of 
0.05  percent.  In  the  type  shown  in  Fig.  13,  each  small  graduation  has 
a value  of  0.01  percent  and  each  large  graduation  represents  five  small 
graduations,  or  0.05  percent. 

It  is  difficult  to  get  an  absolutely  accurate  test  of  skim  milk.  At 
best  the  results  should  be  considered  only  as  approximations.  Butter- 
milk and  whey  may  be  tested  by  this  same  method,  except  that  in  mak- 
ing the  whey  test  only  three-quarters  of  a measure  of  acid  is  added. 

SUGGESTIONS 

The  fat  column  should  be  a clear  yellow  color,  and  free  from 
charred  material  or  curd.  The  limits  should  be  well  defined.  If  the 
fat  column  is  not  uniform  and  has  pieces  of  dark  material  in  it,  it  is 
evident  that  the  acid  was  too  strong,  or  that  the  milk  and  acid  were  too 
warm.  When  repeating  the  process,  use  less  acid  or  cool  the  acid  and 
milk  to  55°-65°  F.  If  the  fat  column  is  gray  and  cloudy,  with  pieces 
of  undissolved  curd  in  it,  use  more  acid. 

It  is  best  to  use  rain  water  for  filling  the  bottles;  if  hard  water 
is  used,  it  is  advisable  to  add  several  drops  of  sulphuric  acid  in  order 
to  precipitate  the  minerals  present. 

Sulphuric  acid  is  very  active,  attacking  all  organic  matter  with 
which  it  comes  in  contact.  Keep  it  in  a glasscstoppered  bottle.  If 
some  accidentally  gets  on  the  hands  or  clothing,  wash  immediately  with 
cold  water. 

Read  the  tests  before  they  have  cooled,  or  warm  them  to  I30°-I40° 
F.  by  setting  them  in  water  at  that  temperature. 

Keep  the  test  bottles  clean.  Empty  them  before  the  fat  has 
solidified  in  the  necks.  Shaking  the  bottles  while  emptying  them  will 
aid  in  removing  the  sediment  in  the  bottom.  In  washing  them  use 
a test-bottle  brush. 
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Summary 


1.  Introduction. — Seven  corn-surplus  states — Ohio,  Indiana,  Illi- 

nois, Missouri,  Kansas,  and  Nebraska — embrace  the  corn  belt,  which  is 
the  natural  center  of  beef  production.  About  one-third  of  the  cattle  of 
the  country  other  than  milch  cows  are  contained  in  the  states  named, 
and  their  value  is  equal  to  about  two-fifths  of  the  total  value  of  such 
cattle  in  the  United  States.  Page  5 

2.  Rapid  Evolution  of  the  Industry. — Twenty  to  fifty  years  ago, 
the  corn  belt  as  a whole  was  a combined  breeding,  grazing  and  fattening 
ground  for  beef  cattle,  but  now  it  is  so  generally  devoted  to  corn  raising 
that  little  grazing  land — consequently  few  breeding  cattle — remain;  and 
a large  proportion  of  the  cattle  fattened  for  market  are  purchased  as 
feeders  from  the  West  or  elsewhere.  The  number  of  cattle  other  than 
milch  cows  appears  to  be  diminishing  thruout  the  corn  belt,  and  in  some 
typical  districts  is  now  no  greater  than  it  was  forty  years  ago.  Page  5 

3.  Influence  of  Dairying. — Statistics  of  cattle  in  corn-belt  states 

indicate  a proportion  of  milch  cows  amounting  to  about  one-half  of  the 
total  cattle  in  the  eastern  section,  one-fourth  in  Kansas  and  Nebraska, 
and  corresponding  proportions  in  intervening  states.  Dairying  has  in- 
creased enormously  as  a factor  in  the  cattle  industry.  The  introduction 
of  dairy  cattle  and  indiscriminate  breeding  has  deteriorated  the  quality 
of  beef  cattle,  and  at  the  same  time  the  actual  number  of  cattle  worthy 
of  the  name  of  milch  cows  has  increased  but  little.  Relatively  more 
steers  are  found  in  the  western  than  in  the  eastern  portion  of  the  corn 
belt.  Page  10 

4.  Fattening  Steers.— Four-fifths  to  nine-tenths  of  the  beef 

cattle  marketed  from  typical  corn-belt  localities  are  cattle  that  have 
been  purchased  as  stockers  or  feeders.  The  number  of  stockers  and 
feeders  shipped  to  the  country  from  Chicago  and  Missouri  river  markets 
shows  a considerable  increase  by  decades.  The  fattening  of  cattle  has 
passed  largely  from  the  hands  of  general  farmers  to  those  of  profes- 
sional cattle  feeders,  and  in  some  sections  has  been  abandoned  to  a 
considerable  extent  by  the  latter.  Among  the  chief  factors  responsible 
for  this  tendency  are  relatively  high  prices  for  grain  compared  with 
those  for  fat  cattle,  increase  in  land  values,  extension  of  cattle  feeding 
operations  in  the  West,  increase  in  farm- tenancy,  and  neglect  of  soil 
fertility.  ' Page  12 

5.  The  Outlook. — The  undeveloped  state  of  beef-cattle  produc- 
tion in  proportion  to  population  and  area  justifies  the  expectation  of  an 
ultimate  extension  and  development  of  cattle  raising  and  feeding.  Corn- 
fed  beef  cattle  doubtless  will  continue  in  demand  by  a class  of  trade  in 
which  the  grass  beef  of  the  West  can  not  compete.  The  grazing  lands 
of  the  West  may  be  expected  to  furnish  a partial  supply  of  stockers  and 
feeders  to  the  corn  belt  for  many  years  to  come;  however,  an  increasing 


proportion,  and  eventually  a large  proportion,  of  the  cattle  matured  in 
the  corn  belt  must  be  reared  there.  Page  15 

Improved  and  intensified  farming  methods,  the  introduction  of  corn 
silage,  alfalfa  and  other  forage  crops,  the  more  complete  utilization  of 
waste  roughage,  and  increased  attention  to  manure  as  a means  of  main- 
taining fertility  will  tend  to  render  cattle  production  more  practicable. 
Nevertheless,  those  upon  whom  the  cattle  feeder  is  dependent  for  his 
market  must  consider  the  increasing  cost  of  producing  cattle  and  pay 
prices  commensurate  therewith;  the  resumption  and  extension  of  beef 
production  will  come  only  as  a result  of  higher  relative  prices  for  fat 
cattle.  Page  17 

Note. — This  is  the  fourth  of  a series  of  circulars  dealing  with  eco- 
nomic factors  in  cattle  feeding.  The  circulars  that  have  been  published 
are:  No.  163,  Relation  of  the  United  States  to  the  World’s  Beef  Supply; 
No.  164,  Argentina  as  a Factor  in  International  Beef  Trade;  No.  169,  A 
Review  of  Beef  Production  in  the  United  States.  The  next  circular  in 
the  series  will  treat  of  cattle  feeding  in  its  relation  to  farm  management 
and  soil  fertility. 


CATTLE  FEEDING  CONDITIONS  IN  THE 
CORN  BELT 


By  Herbert  W.  Mumford,  Chief  in  Animal  Husbandry,  and 
Louis  D.  Hall,  Assistant  Chief  in  Animal  Husbandry 

Seven  “corn-surplus  slates” — Ohio,  Indiana,  Illinois,  Iowa, 
Missouri,  Kansas,  and  Nebraska — embrace  the  great  corn-pro- 
ducing area  and  constitute  the  natural  center  of  beef  production 
in  the  United  States.  As  shown  in  Circular  No.  169,  about  one- 
third  of  the  cattle  of  the  country  other  than  milch  cows  are  con- 
tained in  the  states  mentioned,  and  their  value  is  equal  to  about 
two-fifths  of  the  total  value  of  such  cattle  in  the  United  States. 
Furthermore,  large  numbers  of  cattle  are  shipped  into  these  states 
to  be  fattened  and  forwarded  to  market,  and  are  not  included  in 
the  estimates  of  annual  cattle  population.  Corn-fed  cattle  are  the 
distinctive  feature  of  the  cattle  industry  of  the  United  States,  and 
this  circular  deals  primarily  with  problems  and  methods  of  cattle 
feeding  in  the  corn  belt.  It  is  therefore  proper  to  consider  some- 
what fully  the  trend  of  general  conditions  surrounding  the  indus- 
try in  that  section  and  the  fundamental  economic  factors  that 
affect  it. 

Rapid  Evolution  of  the  Cattle  Feeding  Industry 

During  the  period  of  settlement  and  the  earlier  years  of  cul- 
tivation of  corn-belt  lands — a period  extending  from  the  fifties 
to  the  nineties  inclusive,  of  the  last  century, — these  lands  gen- 
erally were  stocked  with  cows  of  beef  type;  and  while  the  coun- 
try was  being  brought  into  cultivation,  they  became  a combined 
breeding,  grazing,  and  fattening  ground  for  cattle.  Such  local- 
ities were  admirably  suited  to  beef  production  because  of  the 
abundance  of  cheap  grass  and  cheap  corn  they  afforded.  A most 
vivid  and  concise  illustration  of  cattle-feeding  conditions  and 
methods  in  Illinois  about  1880  is  contained  in  the  following 
statement  quoted  from  one  of  the  most  widely  known  stockmen 
of  that  day,  Mr.  John  D.  Gillette:1 


i Feeds  and  Feeding,  W.  A.  Henry,  1st  ed.,  p.  389. 
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Cost  of  Steer  Twelve  Months  Old 

Value  of  calf  at  birth $3.00 

Expenses  of  dam  of  calf,  chargeable  to  calf  for  one  year  as  follows: 

8 percent  interest  on  $50,  value  of  cow 4.00 

Keep  of  yearling  and  feed  of  cow  12  months 12.25 

Insurance  on  cow 1.00 

Risk  of  failure  of  cow  to  breed 1.75 

Loss  of  calves  by  death,  etc 1.00 

No  corn  fed  up  to  12  months. 

Value  of  pasture  and  keep  up  to  12  months 6.00 

Total 29.00 

Weight  of  calf  at  12  months,  700  pounds,  at  5 cents 35.00 

Profit  at  12  months  of  age 6.00 

Cost  From  Twelve  to  Twenty-four  Months  of  Age 

Value  of  steer  at  12  months  of  age 35.00 

Value  of  shock  corn,  110  bushels,  at  35  cents 38.50 

Pasture  12  to  24  months  '. 3.00 

Interest  and  risk  2.80 

Total 79.30 

Less  500  pounds  of  pork  made  on  droppings  of  steer,  at  5 cents. . 25.00 

Net  cost  12  to  24  months. . 54.30 

Weight  of  steer  at  24  months,  1,600  pounds,  at  6V2  cents 104.00 

Profit  at  24  months  of  age 49.70 

Cost  From  Twenty-four  to  Thirty-six  Months  of  Age 

Value  of  steer  at  24  months  of  age 104.00 

Value  of  shock  corn  consumed  in  entire  year,  125  bu.,  at  35  cents.  43.75 

Pasture,  May  1 to  Nov.  1 4.00 

Interest  and  risk  8.32 

- Total 160.07 

Less  500  pounds  pork  at  5 cents,  made  on  droppings  of  steer. . . . 25.00 

Cost  at  36  months  of  age. . 135.07 

Weight  at  36  months  of  age,  2,200  pounds,  at  7 cents 154.00 

Profit  at  36  months  of  age 18.93 


/ 

As  the  remarkable  corn-growing  possibilities  of  the  soil  and 
climate  in  the  corn  belt  became  more  and  more  evident  and  the 
demand  for  corn  grew  greater,  the  westward  movement  of  agri- 
culture naturally  stimulated  the  growing  of  corn  and,  to  a cor- 
responding degree,  diminished  the  area  of  grazing  land.  Grad- 
ually, but  surely,  the  plow  drove  out  the  cow  until  in  the  heart 
of  the  corn  country  but  few  females  of  the  beef  type  remained. 
For  thirty  years  or  more  in  some  such  sections,  it  has  been  a 
proverb  that  “it  does  not  pay  to  keep  a cow  a year  for  the  chance 
of  a calf.” 

At  the  same  time  that  conditions  within  the  corn  belt  were 
tending  to  reduce  the  rearing  of  beef  cattle  there,  the  industry 
was  extending  on  the  great  breeding  ground  of  the  Southwest  and 
the  grazing  lands  of  the  West  (see  Circular  No.  169).  Thus  an 
increasing  supply  of  cheap  stockers  and  feeders  from  the  range 
was  a further  large  factor  in  causing  the  abandonment 
of  cattle  raising  by  many  farmers,  who  reasoned — and  logically 
so — that  calves  could  be  produced  and  grown  more  econom- 
ically on  the  cheap  grass  lands  of  the  West  than  on  corn-belt 
farms.  Moreover,  the  attractive  opportunities  which  the  range 
country  offered  the  cattleman  induced  many  live-stock  farmers 
of  the  Mississippi  valley  to  migrate  west,  thus  diminishing  still 
further  the  proportion  of  cattle  feeders  to  grain  growers  in  the 
central  states. 

The  extent  to  which  this  change  in  conditions  has  affected 
beef  production  is  indicated  somewhat  accurately  by  the  results 
of  inquiries  that  have  been  made  on  an  extensive  scale  among 
cattle  feeders  of  Illinois  and  Indiana.  In  1902  this  experiment 
station  secured  reports  of  methods  used  by  509  cattle  feeders  in 
Illinois,  and  found  that  only  12  percent  raised  their  entire  supply 
of  feeding  cattle.1  It  was  estimated  that  only  about  15  percent  of 
the  native  steers  marketed  in  Chicago  from  Illinois  were  carried 
from  birth  to  maturity  without  changing  hands.  2 

The  Indiana  Experiment  Station  in  1906  investigated  the 
methods  of  929  cattle  feeders  in  Indiana,  and  reported  that  “only 
6 percent  are  really  beef  producers,  that  is,  breeding  their  own 


1 111.  Agr.  Exp.  Sta.,  Circ.  No.  88,  p.  1. 

2 111.  Agr.  Exp.  Sta.  Circ.  No.  79,  p.  6. 
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cattle  and  feeding  them  out.”  About  one-half  of  the  total  number 
raised  a part  of  their  feeding  cattle,  and  42  percent  made  a prac- 
tice of  purchasing  all  their  feeders.  1 

It  is  significant  that  a considerably  smaller  proportion  of 
breeders  was  found  in  Indiana  than  in  Illinois.  Altho  the  data 
are  not  strictly  comparable,  owing  to  possible  differences  in  the 
class  of  cattle  feeders  represented  and  an  interval  of  four  years 
between  the  two  investigations,  it  is  undoubtedly  trua  that  the 
decrease  in  the  proportion  of  breeders  to  feeders  of  beef  cattle 
has  moved  gradually  from  the  eastern  to  the  western  border  of 
the  corn  belt. 

Notwithstanding  the  abandonment  of  cattle  breeding  by  a 
majority  of  the  more  extensive  beef  producers,  the  aggregate 
number  of  cattle  in  the  region  under  consideration  shows  an 
increase  from  1870  to  1910,  altho  in  but  few  instances  did  it  keep 
pace  with  the  population.  This  is  due  mainly  to  the  large  num- 
ber of  farmers  who  keep  only  a few  cattle  to  furnish  the  family 
supply  of  milk  and  beef  and  to  consume  the  waste  roughage  and 
forage  of  the  farm.  The  statistics  for  the  years  1911,  1912,  and 
1913  show  an  actual  decrease  in  the  number  of  cattle  in  the  corn 
belt.  In  order  to  illustrate  this  point  more  fully,  Table  1 is  pre- 
sented. 


Table  1. — Number  of  Cattle  Other  than  Milch  Cows  in  the 
Corn -Belt  States 


States 

18701 

18901 

191 02 

191 1 

l3 

191 23 

19134 

Ohio 

801 

000 

918 

000 

978 

000 

942 

000 

885 

000 

814 

000 

Indiana. .. 

750 

000 

1 054 

000 

1 

020 

000 

744 

000 

707 

000 

686 

000 

Illinois.... 

1 2 2 4 

000 

1 765 

000 

1 

974 

000 

1 

391 

000 

1 

266 

000 

1 

228 

000 

Iowa..  . . 

815 

000 

2 680 

000 

3 

611 

000 

") 

919 

000 

9 

773 

000 

o 

607 

000 

Missouri  . 

731 

000 

1 819 

000 

9 

165 

000 

i 

671 

000 

1 

504 

000 

1 

444 

000 

Kansas. . . 

346 

000 

1 921 

000 

3 

260 

000* 

2 

202 

000 

1 

872 

000 

1 

778 

000 

Nebraska. 

55 

000 

1 346 

000 

3 

i 

040 

000 

225 

000 

9 

002 

000 

1 

902 

000 

Total... 

4 722 

000 

11  503 

000 

I16 

048 

000 

Jl  2 

094 

000 

11 

009 

000 

10 

459 

000 

1 U.  S.  Dept,  of  Agr.,  Bur.  An.  Indus.,  Ann.  Rept.  1897,  pp.  267-289. 

2 U.  S.  Dept,  of  Agr.,  Yearbook  1909,  p.  572. 

3 U.  S.  Dept,  of  Agr.,  Yearbook  1911,  p.  630. 

4 u.  S.  Dept,  of  Agr.,  Yearbook  1912,  p.  682. 


l Ind.  Agr.  Exp.  Sta.,  Circ.  No.  12,  p.  11. 
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Influence  of  Dairying 

The  remarkable  growth  of  large  and  small  cities  thruout  this 
fertile  section  resulted  in  a corresponding  demand  for  milk  and 
butter.  This  could  be  met  only  by  the  establishment  of  dairy 
farms  within  comparatively  short  distances  from  the  cities  and 
an  increased  production  of  dairy  products  on  general  farms; 
whereas  the  supply  of  beef  could  readily  be  secured  from 
greater  distances,  especially  in  view  of  the  increasing  beef  pro- 
duction of  the  range  country  at  this  time. 

Table  2 shows  the  actual  number  of  milch  cows  and  also  the 
proportion  of  milch  cows  to  total  cattle  in  the  corn-belt  states  by 
twenty-year  periods  since  1870,  including  1913. 


Table  2. — Number  of  Milch  Cows  in  the  Corn-Belt  States 


18701 

18901 

19102 

191 33 

States 

Number 

Pet.  of 
total 
cattle 

' Number  o®  5 

; CL  ^ 

Number 

Pet.  of 
total 
cattle 

Number 

|o| 

Ohio 

734  000 

48 

783  000i 

46 

947  000 

49 

869  000 

52 

Indiana... 

435  000 

37 

608  000; 

36 

687  000 

40 

634  000 

48 

Illinois. . . 

083  000 

36 

1 094  000 

38 

11  232  000 

38 

1 007  000 

45 

Iowa..  .. 

465  000 

36 

1 279  000 

32  1 

1 570  000 

30 

1 337  000 

34 

Missouri.. 

371  000 

34 

813  000 

31 

925  000 

30 

789  000 

35 

Kansas. . . 

162  000 

32  i 

758  0001 

28 

737  000 

18 

698  000 

28 

Nebraska. 

35  000 

39  ! 

424  0001 

24  I 

879  000 

22 

607  000 

24 

1 U.  S.  Dept,  of  Agr.,  Bur.  An.  Indus.,  Ann.  Rept.  1897,  pp.  267-289. 

2 U.  S.  Dept,  of  Agr.,  Yearbook  1909,  p.  572. 

3 U.  S.  Dept,  of  Agr.,  Yearbook  1912,  p.  682. 


Passing  from  the  eastern  to  the  western  states  of  the  corn 
belt,  the  percentages  in  the  right-hand  column  show  a remark- 
ably uniform  decrease  in  the  proportion  of  milch  cows.  Approx- 
imately one-half  of  the  cattle  of  Ohio,  Indiana,  and  Illinois  are 
classified  as  milch  cows,  while  only  about  one-fourth  of  those  of 
Kansas  and  Nebraska  are  so  classified. 

As  in  the  case  of  beef  cattle,  the  increase  in  the  number  of 
milch  cows  has  been  much  less  marked  during  the  last  twenty 
years  than  in  the  previous  period,  owing  to  the  less  pronounced 
changes  in  population  and  industrial  development.  The  slight 
increase  in  the  proportion  of  milch  cows  to  the  total  number  of 
cattle  in  Ohio,  Indiana,  and  Illinois  during  forty  years  does  not 
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adequately  represent  the  increased  importance  of  dairying  as  a 
factor  in  the  cattle  industry,  nor  the  extent  to  which  the  dairy 
type  predominates  in  the  cattle  stock  of  the  states  mentioned.  It 
is  a result  of  the  extension  of  general  farming  and  the  neglect  of 
systematic  beef-cattle  breeding,  together  with  a great  tendency  on 
the  part  of  the  average  farmer  to  cross-breed  cattle  of  the  beef 
and  dairy  types,  thereby  deteriorating  the  quality  of  both.  In  this 
way  the  relative  number  of  animals  worthy  of  the  name  of  milch 
cows  has  been  limited,  and  at  the  same  time  in  most  corn-belt 
localities,  the  production  of  steers  suitable  for  the  feed  lot  has 
very  nearly  approached  the  vanishing  point. 

The  marked  decrease  in  the  proportion  of  milch  cows  to  the 
total  number  of  cattle  in  the  four  states  west  of  Illinois,  in  spite 
of  a large  increase  in  their  actual  numbers,  is  explained  by  the 
general  movement  of  range  cattle  into  those  states  from  the 
Southwest  and  West.  It  is  likely  with  increased  population  and 
the  adoption  of  intensive  systems  of  agriculture,  the  proportion 
of  milch  cows  will  approach  more  nearly  that  of  the  states  farther 
east. 

Further  light  may  be  thrown  on  the  types  and  classes  of 
cattle  kept  on  corn-belt  farms  by  summarizing  the  returns  of  the 
United  States  Census  relating  to  age  and  sex  of  cattle.  Figures 
from  the  Twelfth  Census  are  presented  because  of  the  more 
minute  classification  it  affords  in  this  particular. 


Table  3. — Relative  Proportion  of  Various  Classes  of  Cattle  in  the 
Corn -Belt  States  in  19001 


States 

Calves 
under 
1 year 

Steers  1 and 
under  2 
years 

Steers  2 
and  under 
3 years 

Steers  3 
years  and 
over 

Bulls  1 
year  and 
over 

Heifers  1 
and  under 
2 years 

Dairy  cows 
2 years 
and  over 

Other  cows 
2 years 
and  over 

Total 

verct. 

perct. 

perct. 

perct. 

perct. 

perct. 

perct. 

perct. 

perct. 

Ohio 

23.6 

10.6 

6.9 

1.4 

1.9 

10.4 

41.0 

4.2 

100 

Indiana 

25.0 

11.9 

8.3 

2.1 

1.7 

10.7 

35.2 

5.1 

100 

Illinois 

22.8 

11.4 

9.5 

3.7 

1.9 

10.4 

33.1 

7.2 

100 

Iowa  

23.8 

13.5 

11.2 

3.2 

1.7 

10.9 

27.2 

8.5 

100 

Missouri 

21.1 

12.7 

12.0 

5.2 

1.4 

10.3 

26.6 

10.7 

100 

Kansas  

20.5 

12.4 

11.7 

9.5 

1.4 

9.9 

15.7 

18.9 

100 

Nebraska  

23.6 

12.5 

9.9 

3.9 

1.6 

10.8 

16.7 

21.0 

100 

Average 

22.7 

12.4 

1 10.4 

4.6 

1.6 

10.5 

26.1 

11.7 

100 

l Calculated  from  Abstract  of  Twelfth  Census,  1900,  pp.  238,  240,  246,  247. 


[2 


The  smaller  proportion  of  milch  cows  in  the  more  westerly 
states,  as  previously  shown,  is  here  verified,  and  a correspond- 
ingly larger  proportion  of  other  cows  is  noted. 

Relatively  more  steers  are  found  in  the  western  portion  of 
the  corn  belt,  and  the  difference  is  more  marked  in  the  case  of  the 
older  than  in  that  of  the  younger  steers,  thus  showing  the  natural 
tendency  to  keep  cattle  longer  in  those  sections  of  the  country 
where  pasture  lands  are  both  cheaper  and  more  abundant.  With 
respect  to  the  proportion  of  calves  under  one  year,  heifers  under 
two  years,  and  bulls,  the  data  show  no  striking  differences;  and 
likewise,  with  regard  to  the  proportion  of  bulls  to  cows  and  the 
proportion  of  calves  to  cows,  the  various  sections  of  the  corn 
belt  appear  comparatively  similar. 

Table  4 gives  available  data  from  the  Thirteenth  Census. 
While  these  data  are  not  in  all  respects  comparable  with  similar 
data  from  the  Twelfth  Census,  they  show  the  same  general  ten- 
dencies. 

Table  4. — Relative  Proportions  of  Various  Classes  of  Cattle  in 
the  Corn -Belt  States  in  1 9 1 01 


States 

Calves 

Steers 

and 

bulls 

Year- 

ling 

heiiVrs 

Dairy 

cows 

Other- 

cows 

! Unclas- 
sified Total 
animals 

perct. 

perct. 

perct. 

perct. 

perct. 

! perct.  'perct. 

Ohio 

13.9 

16.3 

12.8 

49.3 

7.7 

100 

lnd  tana 

13.5 

16.9 

13.3 

46.5 

9.8 

....  | 100 

Illinois 

13.3 

19.5 

12.6 

43.0 

11.6 

....  ' 100 

Iowa 

12.8 

29.1 

12.7 

31.6 

13.8 

100 

Missouri  . . . 

1 1.6 

31.0 

12.0 

33.4 

12.0 

100 

Kansas2 

12.4 

34.1 

10.9 

23.9 

18  1 

0.6  100 

Nebraska2.  . 

12.5 

30.0 

12.4 

21.0 

24.0 

0.1  100 

Average. . . 

12.8 

i 26.9 

12.3 

33  2 

14.7 

o.i  j ioo 

1 Calculated  from  Abstract  of  Thirteenth  Census,  1910,  pp.  316,  317. 

2 Includes  unclassified  animals. 


Fattening  Steers  in  the  Corn  Belt 

Notwithstanding  the  rapid  extension  of  the  acreage  devoted 
to  corn  growing,  and  the  great  demand  that  has  arisen  for  corn 
for  other  than  feeding  purposes,  the  crop  is  still  fed  chiefly  to 
farm  animals.  As  nearly  as  can  be  estimated.  80  percent  of  the 
corn  produced  in  the  United  States  is  fed  to  live  stock.1  It  is.  of 


'111.  Agr.  Exp.  Sta.  Circ.  No.  140.  p.  9. 
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course,  more  largely  sold  off  the  farms  of  the  corn-belt  states  than 
those  of  other  sections  of  the  country,  but  probably  not  far  from 
one-Jialf  of  the  crop  of  Illinois  is  fed  on  the  farm.1  A temporary 
curtailment  of  one  branch  or  another  of  the  live-stock  industry, 
especially  cattle  and  hog  feeding,  is  so  promptly  reflected  in  a 
reduced  corn  market  that  stock  feeding  is  quickly  resumed  to  a 
greater  or  less  extent,  tho  with  increasing  reluctance  and  mis- 
givings. This  applies  especially  to  fattening  cattle,  as  this  branch 
of  live-stock  production  offers  the  most  immediate  and  ready 
means  of  disposing  of  large  quantities  of  corn,  and  at  the  same 
time  utilizes  much  otherwise  wasted  roughage,  such  as  stalk 
fields,  corn  stover,  and  straw. 

That  beef  production  in  the  corn  belt  has  become  largely  a 
steer-fattening  enterprise  apart  from  breeding  is  clearly  demon- 
strated by  the  investigations  of  the  Illinois  and  Indiana  Experi- 
ment Stations  quoted  in  a preceding  paragraph.  In  Illinois  it  was 
found  that  in  1902  more  than  one-half  of  the  cattlemen  from 
whom  reports  were  obtained  were  feeders  who  purchased  the 
cattle  they  finished  for  market;  in  addition,  more  than  one-third 
were  both  feeders  and  breeders,  but  even  the  latter  purchased 
most  of  their  feeding  cattle.2 3  About  85  percent  of  the  native  beef 
steers  marketed  in  Chicago  were  fattened  after  having  been  pur- 
chased as  stockers  ahd  feeders.8  In  Indiana  in  1906,  929  reports 
were  received  from  cattlemen  in  that  state,  of  whom  42  percent 
were  found  to  purchase  all  their  feeding  cattle  and  52  percent 
grew  only  a part  of  them  and  bought  the  remainder.4 

The  extent  and  tendency  of  this  important  phase  of  the  in- 
dustry are  also  shown  in  a measure  by  the  shipments  of  stockers 
and  feeders  from  the  large  cattle  markets  during  recent  decades 
(see  Table  5) . 

In  the  evolution,  or  transition,  of  corn-belt  beef  production 
from  a cattle-raising  to  a steer-feeding  .proposition  with  a large 
proportion  of  the  feeders  purchased  at  the  large  markets,  the 
business,  to  a considerable  extent,  has  gravitated  into  the  hands 
of  men  who  handle  comparatively  large  numbers  of  cattle — from 
a few  carloads  to  several  hundred  head.  Tho  these  professional 
cattle  feeders  in  most  cases  are  farmers,  they  usually  buy  all 

UH.  Agr.  Exp.  Sta.,  Circ.  No.  140,  p.  8. 

2I11.  Agr.  Exp.  Sta.,  Circ.  No.  88,  p.  1. 

3I11.  Agr.  Exp.  Sta.,  Circ.  No.  79.  p.  6. 

4Ind.  Agr.  Exp.  Sta.,  Circ.  No.  12.  p.  12. 
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Table  5. — Shipments  of  Stockers  and  Feeders  from  Various  Markets1 


Markets 

1880 

1890 

1900 

1910 

1913 

Chicago* . . . . - 

300  000 
724  0004 
294  000 
75  0008 

406  000 
! 631  000 
1 431  000 
102  000 
60  000 
251  000 
178  000 

380  000 
914  000 
405  000 
159  000 
67  000 
262  000 
220  000 

Kansas  City.. 
Omaha5 

130  0003 

647  0003 
266  0006 

St . Louis7.  . 

St.  Joseph2.  . . 

51  0009 
1 1 4 000 
176  0004 

St.  Paul5  

130  00010 

Sioux  City2. . . 

Indianapolis11. 
Louisville7 .... 

42  000 

Ft.  Worth12. . . 

493  000 

Denver11 

Buffalo11 

i 

1 From  reports  of  Stock  Yards  Companies. 

2 Statistics  for  1880  and  1890  not  obtainable. 

3 Estimated. 

4 1905.  Statistics  for  1900  not  obtainable. 

5 Statistics  for  1880  not  obtainable. 

6 1897.  Statistics  for  1890  not  obtainable. 

7 Statistics  for  1880,  1890,  and  1900  not  obtainable. 

8 1908.  Statistics  for  1900  not  obtainable. 

9 1901.  Statistics  for  1900  not  obtainable. 

10  1898.  Statistics  for  1890  not  obtainable. 

11  Cattle  shipments  not  classified  as  to  Stockers  and  feeders. 

12  Statistics  for  1880,  1890,  1900,  and  1910  not  obtainable. 

their  feeding  cattle  and  a large  part  of  the  corn  they  feed,  use  but 
little  of  the  manure  produced,  and  freely  admit  the  large  element 
of  speculation  incurred.  The  capital,  risk,  business  skill,  and 
distance  from  markets  involved  in  cattle  feeding  necessarily  deter 
many  farmers  from  converting  their  corn  into  beef.  The  proper 
place  and  purpose  of  beef  production  in  the  corn  belt,  however, 
is  to  provide  a profitable  market  for  the  crops  grown  on  the  farm 
and  at  the  same  time  conserve  the  fertility  of  the  soil.  These  con- 
siderations are  of  greater  consequence  to  the  small  farmer  than 
to  the  “big  feeder.”  It  is. therefore  essential  to  the  welfare  of  agri- 
culture that  the  business  should  be  distributed  more  generally 
among  farms  of  average  size  instead  of  being  concentrated  in  the 
hands  of  a few  farmers  and  capitalists  whose  farms,  as  well  as 
their  fortunes,  are  frequently  enriched  at  the  expense  of  the 
neighbors  whose  corn  they  buy.  With  a reasonable  degree  of 
skill  in  buying,  feeding,  and  marketing,  it  is  ordinarily  safe  and 
usually  profitable  for  the  general  farmer  to  engage  in  the  fatten- 
ing of  steers. 

In  some  sections  of  the  corn  belt,  cattle  feeding  has  not  only 
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passed  largely  from  the  hands  of  general  farmers  to  the  large 
feeders,  but  has  also  been  abandoned  to  a considerable  extent  by 
the  latter.  This  tendency  may  be  assigned  to  several  causes: 
(1)  Prices  of  grain  have  been  relatively  higher  than  those  of 
cattle,  and  inducements  to  sell  corn  for  cash  at  the  elevator  in- 
stead of  feeding  have  therefore  been  strong.  (2)  Land  has 
increased  rapidly  in  value,  and  it  is  a prevalent  idea  that  high- 
priced  land  prohibits  profitable  cattle  feeding.  As  a matter  of 
fact,  the  actual  influence  of  this  factor  is  usually  insignificant  as 
compared  with  prices  of  corn  and  cattle  in  determining  the  profit 
in  feeding  cattle.  Increased  value  of  farm  lands  has  made  it  pos- 
sible for  many  cattlemen  to  retire  or  to  relinquish  active  manage- 
ment of  their  farms  to  others  less  competent  to  engage  profitably 
in  the  business.  (3)  Opportunities  for  cattle  feeding  in  vari- 
ous portions  of  the  West  have  attracted  many  successful  cattle 
feeders  from  the  older  sections  of  the  corn  belt.  The  opportun- 
ities for  exclusive  grain  growing  in  these  newer  regions  have  not 
been  equally  attractive;  hence  there  has  been  a tendency  for  a 
large  exodus  of  live-stock  producers,  while  the  grain  growers 
more  generally  have  remained.  (4)  The  farms  in  many  of  the 
older,  more  prosperous  communities  have  become  occupied 
largely  by  tenants.  The  prevailing  system  of  short-term  leases 
and  a lack  of  experience  in  feeding  cattle  on  the  part  of  tenants 
have  resulted  in  a marked  decrease  not  only  in  cattle  feeding  but 
in  the  production  of  live  stock  of  all  kinds.  (5)  The  apparent 
continuation  of  satisfactory  crop  yields  in  a large  part  of  the 
corn  belt  has  resulted  in  a failure  to  appreciate  the  value  and 
necessity  of  manure.  This  fact  has  blinded  most  farmers  to  an 
important  factor  in  cattle  feeding.  (6)  The  fact  that  cattle, 
ready  for  the  feed  lot,  could  be  produced  cheaper  in  the  West 
than  in  the  corn  belt  has  caused  the  general  farmer,  who  pro- 
duced his  own  feeders  and  did  not  use  enough  cattle  to  pay  to  buy 
them  from  the  western  country,  to  go  out  of  the  live-stock  busi- 
ness. That  is,  at  the  prevailing  prices  he  could  not  compete  in 
the  production  of  beef  with  the  “big  feeder,”  who  was  able  to 
place  his  cattle  in  the  feed  lot  at  a lower  cost  than  they  could  be 
produced  in  the  corn  belt. 

The  Outlook 

In  the  light  of  conditions  set  forth  in  this  and  foregoing  cir- 
culars, a few  general  deductions  may  safely  be  drawn  relative  to 
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the  probable  future  trend  of  beef  production  in  the  corn-growing 
section  of  the  United  States. 

The  undeveloped  state  of  cattle  production  in  proportion  to 
the  population  and  the  area  of  the  United  States  as  compared 
with  the  condition  of  the  industry  in  older  countries  justifies  the 
expectation  of  an  ultimate  extension  and  development  of  cattle 
raising  and  feeding  in  this  country.  Tin  rapid  increase  of  pop- 
ulation and  the  slower  rate  of  increase  in  the  number  of  cattle 
have  rendered  the  export  beef  trade  a relatively  insignificant  fac- 
tor; but  with  a large  domestic  demand  in  proportion  to  the 
supply,  and  limited  competition  from  abroad,  the  industry  should 
be  practically  independent  of  foreign  trade.  General  market  con- 
ditions are  now  and  promise  to  remain  favorable  to  the  producer, 
for  he  has  a domestic  market  as  a regular  outlet  and  a foreign 
market  as  an  influential  regulator  of  prices  and  as  an  elastic  con- 
sumer of  surplus. 

The  “passing  of  the  range”  has  not  diminished  the  number 
of  western  cattle  entering  the  markets,  but  the  growing  popula- 
tion of  the  West  and,  consequently,  the  increased  amount  of  beef 
slaughtered  and  consumed  in  that  section  have  reduced  the  rela- 
tive importance  of  western  cattle  as  a factor  in  corn-belt  markets. 
Further,  corn-fed  beef  cattle,  which  can  be  properly  and  profit- 
ably finished  only  within  a limited  section  of  the  country,  doubt- 
less will  continue  in  demand  by  a class  of  trade  in  which  the 
cheaper  grass  beef  of  the  West  cannot  compete. 

Notwithstanding  the  general  subdivision  of  western  ranges 
and  ranches  by  settlers,  the  fact  that  large  areas  of  the  West  and 
Southwest  are  adapted  only  to  grazing  indicates  that  these  sec- 
tions will  continue  to  produce  a considerable  number  of  feeding 
cattle.  As  Ireland  with  her  abundance  of  grass  has  grown 
“store”  or  feeding  cattle  for  the  farmers  of  England  and  Scot- 
land for  many  years  and  continues  to  do  so,  similarly  the  grass 
lands  of  our  great  West  and  South  may  reasonably  be  expected 
to  supply  stockers  and  feeders  to  large  markets  of  the  corn  belt 
for  many  years  to  come. 

An  increasing  proportion,  and  eventually  a large  proportion, 
of  the  cattle  matured  in  the  corn  belt,  however,  must  be  reared 
there;  because,  as  explained  in  Circular  164,  the  quality  of  west- 
ern cattle  will  be  adversely  affected  by  an  increased  proportion  of 


cattle  of  the  dairy  type,  and  at  the  same  time  the  development  of 
agriculture  will  facilitate  the  finishing  of  a larger  proportion  of 
feeding  cattle  on  western  farms.  Certain  sections  of  the  corn 
belt,  and  some  farms  in  all  sections,  are  partially  or  wholly  un- 
suited to  grain  growing,  and  these  lands,  in  many  instances,  may 
be  most  profitably  used  for  grazing  purposes. 

With  the  development  of  more  intensive  farming  methods, 
the  introduction  of  corn  silage,  alfalfa,  and  forage  crops  in  gen- 
eral will  .tend  to  render  both  cattle  raising  and  feeding  more  prac- 
ticable and  profitable.  Also,  regardless  of  the  price  of  land  or  of 
grain,  a considerable  amount  of  roughage  and  aftermath  remains 
to  be  either  fed  or  wasted  on  every  farm,  and  this  factor  will  con- 
tribute largely  toward  maintaining  beef  production  in  the  corn 
belt. 

Eventually,  manure  will  be  regarded  more  highly  by  corn 
growers  in  the  Middle  West  than  it  is  now.  Long  continued  crop- 
ping without  adequate  rotation  and  fertilization  will  ultimately 
compel  such  attention  to  manure  as  it  now  receives  from  cattle 
feeders,  not  only  in  Great  Britain  and  Continental  Europe,  but 
also  in  certain  parts  of  Virginia,  Pennsylvania,  and  Ohio.  Cattle 
feeding  will  be  found  to  be  one  of  the  most  convenient  and  satis- 
factory means  of  obtaining  this  valuable  fertilizer.  This  factor 
is  of  sufficient  importance  to  be  treated  at  some  length  in  a sub- 
sequent circular. 

Over  against  what  has  been  said  in  the  foregoing  paragraphs, 
it  must  also  be  clearly  understood  that  a remunerative  and  rea- 
sonably stable  market  will  be  indispensable  to  the  further 
development  of  the  beef-cattle  industry.  Farming  in  gen- 
eral, and  stock  raising  in  particular,  must  henceforth  be  recog- 
nized as  a capitalized  business,  the  products  of  which  must  sell 
above  the  cost  of  production  in  order  to  render  the  enterprise 
profitable.  Those  upon  whom  the  cattle  feeder  is  dependent  for  his 
returns  must  consider  the  increasing  cost  of  producing  cattle  un- 
der present  and  future  conditions,  and  pay  prices  commensurate 
therewith.  Unfortunately,  the  cattle  feeder  frequently  has  been 
compelled  to  accept  very  inadequate  returns,  and  seldom  has  his 
profit  been  in  full  proportion  to  his  outlay  if  all  elements  of  cost 
be  figured  at  their  just  value. 

luThe  important  fact  connected  with  the  cattle-raising  in- 
dustry is  a marked  shortage,  the  extent  and  far  reaching  effects 
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of  which  the  public  has  by  no  means  fully  realized.  The  con- 
suming public  have  complained  of  the  high  cost  of  meats.  At 
times  they  have  accused  producers  of  securing  too  great  profits 
from  the  business.  There  should  be  no  mistake  or  misunderstand- 
ing. The  present  shortage  is  due  primarily  to  the  fact  that  farmers 
have  found  meat  production,  and  primarily  beef  production,  less 
profitable  than  other  agricultural  enterprises.  Over-production 
and  cheap  meat,  while  possible,  are  extremely  remote.  An 
increased  supply  will  come,  not  as  a result  of  lower  prices,  but 
only  as  a result  of  higher  prices.  Consumers  generally  do  not 
appreciate  the  fact  that  for  a generation  or  more  they  have  been 
able  to  buy  meat  products  at  a price  which  does  not  cover  the  cost 
of  production  under  present-day  conditions.  It  is  obvious  that 
the  conditions  which  have  brought  about  the  increased  cost  of 
meat  products  will  continue  to  operate  even  in  greater  force  in 
the  future  than  in  the  past. 

“The  public  will  ultimately  come  to  understand  that  the  pro- 
ducer must  receive  more  rather  than  less  for  his  product  if  an 
ample  supply  of  meat  is  to  be  assured.  In  the  past  the  price  of 
cattle  has  been  based,  so  far  as  it  has  been  based  upon  anything, 
upon  free  or  cheap  range,  cheap  land  and  labor,  and  cheap  corn. 
Even  the  cattle  feeder  of  the  corn  belt  has  been  guilty  at  times  of 
relying  for  his  profit  upon  sharp  practice  in  buying  feeding  cattle 
for  less  than  the  cost  of  production  when  the  producer,  thru 
drouth  or  misfortune  or  possibly  a lack  of  knowledge,  has  been 
forced  to  sell.  Few,  if  any,  of  these  conditions  surround  the 
industry  today. 

“All  will  readily  agree  that  the  producer  is  entitled  to  a mod- 
est profit  in  cattle  production.  No  business  which  depends  upon 
sharp  practice,  or  upon  depriving  some  necessary  factor  in  the 
trade  from  its  just  proportion  of  the  profits  of  the  industry  can 
long  survive.  It  may  well  be  asked,  What  is  a modest  profit?  In 
the  past,  with  rapidly  changing  conditions,  it  has  been  next  to 
impossible  to  answer  this  question.  Conditions  are  now  likely 
to  be  more  stable;  that  is,  changes  will  be  less  frequent  and  less 
radical.  A business-like  beef  production  which  extends  over 
such  a vast  area  of  country  where  conditions  surrounding  it  are 
so  variable  naturally  presents  a most  difficult  problem.  One 
thing,  however,  is  certain,  and  that  is  that  if  there  is  any  con- 

l Extract  fiom  an  address  by  Professor  Mumford  before  the  Illinois  State  Farmers’  Institute 
at  Galesburg,  February  18,  1914. 
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siderable  increase  in  the  production  of  beef  cattle  in  the  United 
States,  it  will  come  from  the  establishment  of  small  herds  on 
many  farms  rather  than  of  large  herds  on  extensive  areas.  This 
means,  if  it  means  anything,  that  the  price  will  be  fixed  by  the 
cost  of  producing  cattle  on  improved  farms,  so  that  ultimately 
the  producer  will  be  by  far  the  most  important  factor  in  fixing 
the  price  of  beef.  This  does  not  mean  that  producers  will  he  per- 
mitted to  fix  a price  altogether  out  of  proportion  with  the  cost  of 
production,  but  one  entirely  consistent  with  it. 

‘‘Obviously,  beef  will  be  most  extensively  produced  where 
conditions  favor  its  economical  production.  Can  it  be  denied  that 
any  considerable  area  in  this  or  in  any  other  country  offers  more 
favorable  conditions  for  beef  production  than  the  corn  belt?  If 
not,  then  the  corn  belt  holds  the  key  to  the  solution  of  the  cattle 
situation.  Conditions  surrounding  the  industry  and  the  cost  of 
producing  beef  cattle  in  the  corn  belt,  therefore,  will  likely 
be  a large  factor  in  determining  the  answer  to  the  question  of 
a price  basis  which  will  represent  the  cost  of  production  and  a 
modest  profit.  Fortunately,  nowhere  in  the  country  has  the  cost 
of  production  been  more  carefully  worked  out  or  more  accu- 
rately determined.  The  largest  and  most  advantageous  use  of 
these  data  is  one  of  the  problems  of  the  corn-belt  cattlemen. 

“No  price  basis  can  prevail  which  does  not  represent  the 
greatest  use  of  the  best  methods  in  cattle  production.  The  cattle 
raiser  who  does  not  and  will  not  avail  himself  of  the  most  eco- 
nomical practice  must  be  content  to  accept  lessened  or,  in  many 
instances,  no  profits.  This  means  that  ultimately  he  must  change 
his  ways  or  go  out  of  business. 

“The  resumption  of  cattle  raising  on  many  of  the  smaller 
corn-belt  farms  will  present  problems  of  marketing  which  will 
need  adjustment.  The  producer  of  less  than  a carload  is  now 
distinctly  handicapped,  and  yet  it  has  just  been  predicted  that  the 
bulk  of  the  cattle  in  the  future  will  be  produced  by  men  who  have 
considerably  less  than  a carload  of  cattle  ready  for  market  at  any 
one  time  during  the  year.  There  will  need  to  be  developed,  there- 
fore, some  method  of  marketing  which  gives  to  the  smaller  oper- 
ator substantially  the  same  advantages  enjoyed  by  the  larger 
operators.” 
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A characteristic  view  from  an  Illinois  roadside,  showing  some  of  the  most  valuable  local 
color  in  the  “Prairie  state" — the  prairie  crab  apple.  Restoration  of  the  birds,  crab  apples, 
and  hawthorns  is  a favorite  motive  in  the  “Illinois  way  of  roadside  planting.” 
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PRACTICAL  HELP  ON  LANDSCAPE 
GARDENING 


By  Wilhelm  Miller 

1.  How  to  Get  a Country  Road  Plan 

One  of  the  best  ways  to  beautify  Illinois  is  to  plant  trees,  shrubs, 
and  vines  native  to  the  state  along  the  roadsides.  One  and  one-half 
miles  were  planted  in  the  “Illinois  way”  during  the  spring  of  1914. 

This  work  is  done  in  full  sympathy  with  the  needs  of  farmers,  en- 
gineers. and  all  other  road  users.  The  requirements  of  the  Illinois 
State  Highway  Commission  will  be  squarely  met.  Practically  all  dif- 
ficulties have  been  overcome.  Open  spaces  are  left  to  permit  the  road 
to  dry  out  and  to  allow  views.  These  grassy  spaces  are  long  enough 
to  be  mowed  by  the  machinery  now  used.  They  also  reduce  the  cost. 
Near  Chicago,  people  have  spent  from  $1200  to  $1500  a mile  for  road- 
sides planted  solidly.  In  the  open  country  the  cost  is  about  $400  to 
$600.  or  about  10  percent  of  the  cost  of  constructing  good,  hard  roads. 

The  road  leading  to  the  cemetery  is  often  the  one  which  all  parties 


1.  Illinois  Roads  as  We  All  Want  Them  to  be 

Good  hard  roads  lined  with  trees  and  shrubs  native  to  Illinois,  like  the  prairie  rose. 
A country  road  near  Madison.  Wisconsin,  where  the  native  vegetation  has  been  preserved, 
and  more  of  the  kind  planted.  Photograph  by  C.  X.  Brown.) 
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2.  The  First  Roadside  Plan  Made  in  the  ‘ ‘ Illinois  Way  ’ ’ 

Half  a mile  planted  near  Sidell,  Illinois,  spring  of  1914.  Two  and  a half  miles  have 
been  guaranteed  there,  four  miles  near  Barrington,  etc. 

will  agree  to  improve  first.  Other  favorite  projects  are  the  main  en- 
trances to  a city,  the  roads  to  the  country  club,  and  roads  thru  large 
farms.  In  some  cases,  several  miles  have  been  planted  without  wait- 
ing for  hard  roads.  For  illustrations,  see  cover  and  Figs.  1 and  2. 


APPLICATION  for  road  plan 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a man  to  give  the  illustrated  lecture  on  ‘ ‘ The  Illi- 
nois Way  of  Roadside  Planting,”  and  tell  us  how  we  can  get  a plan 
by  state  aid,  thru  the  University  of  Illinois? 

Name 

Address 


2.  How  to  Get  a Plan  for  Your  School  Grounds 

Perhaps  the  surest  way  to  make  Illinois  one  great  garden  is  to  teach 
school  children  to  know,  love,  and  cultivate  the  trees,  shrubs,  vines,  and 
flowers  native  to  Illinois.  For  when  the  children  come  to  make  homes 
of  their  own,  they  will  choose  material  which  is  permanent,  appropri- 
ate, and  characteristic  rather  than  temporary,  gaudy,  and  imitative. 
To  accomplish  such  results,  one  township  high  school  is  planning  for 
an  “Illinois  Arboretum.” 
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The  ideal  is  a comprehensive  plan  including  sanitation,  play- 
grounds, and  gardening.  The  phrase  “ school  gardening”  now  covers 
three  distinct  ideas : 

1.  An  outdoor  laboratory  for  teaching  horticulture  at  school. 

2.  The  temporary  beautifying  of  back  yards  by  means  of  penny 
packets  of  seed  sold  to  children  at  school. 

3.  The  permanent  decoration  of  the  school  building  and  grounds. 

The  ideal  is  to  give  the  children  a share  in  all  these  activities.  A 

playground  without  a garden,  or  a garden  without  a playground,  is 
less  desirable  than  a good  plan  embodying  both,  part  of  which  you  can 
realize  every  year. 

Ordinarily  we  give  only  informal  advice  to  school  boards  and  rec- 
ommend some  one  else  to  make  the  plan,  as  there  is  no  desire  to  com- 
pete with  landscape  gardeners  or  nurserymen.  Sometimes,  however, 
private  designers  cannot  be  secured,  or  a new  style  must  be  worked 
out,  or  there  is  an  exceptional  opportunity  to  stimulate  a whole  com- 
munity to  do  more  and  better  planting.  In  such  cases  it  may  be  pos- 
sible to  secure  a plan  thru  the  Division  of  Landscape  Extension,  but 
every  application  must  be  approved  by  Professor  J.  C.  Blair,  Head 
of  the  Department  of  Horticulture. 


3.  A New  Way  of  Beautifying  School  Buildings 

Instead  of  putting  shrubbery  against  the  wall  of  a large  building,  place  it  about  ten 
feet  away.  This  arrangement  admits  light  and  air  to  the  basement  windows,  prevents 
dampness,  and  makes  it  easier  to  handle  coal  and  snow.  It  looks  better  because  it 
makes  a broader  foundation,  such  as  a tall  building  requires.  (Normal  School,  Salem, 
Mass.  Harlan  P.  Kelsey,  landscape  architect). 


Even  when  little  land  is  available,  some- 
thing worth  while  can  be  done.  The  sim- 
plest, cheapest,  and  quickest  improvement 
is  foundation  planting.  Shrubs  and  vines 
enough  to  transform  the  front  of  the  build- 
ing may  cost  from  $10  to  $50.  They  will 
mature  in  three  or  four  years  and  often 
create  enough  public  interest  to  secure 
funds  for  a comprehensive  plan,  and  a 
liberal  yearly  appropriation  until  the 
whole  scheme  is  realized.  “The  Illinois 
Way  of  Foundation  Planting’ ’ is  elabor- 
ated in  “Arbor  and  Bird  Days  for  1914,” 
published  by  Hon.  F.  G.  Blair,  State  Super- 
intendent of  Public  Instruction,  Spring- 
field.  This  illustrated  article  has  been 
shown  by  public-spirited  citizens  to  mem- 
bers of  school  boards  and  has  stimulated 
several  requests  for  state  aid  in  planning 
school  grounds.  See  Figs.  3 and  4. 


4.  Salem's  School  Garden 

Inside  the  foundation  plant- 
ing. Bushes  at  right  are  lilacs. 
Imagine  their  beauty  when  in 
bloom  I Better  than  concrete? 


APPLICATION  FOR  HELP  ON  SCHOOL  GROUNDS 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a man  to  give  the  illustrated  lecture  on  ‘ 1 The  Il- 
linois Way  of  Planting  School  Grounds?"  If  so,  I will  guarantee 
his  traveling  expenses,  furnish  a lantern  and  operator,  and  get  the 
school  board  to  attend — also  the  citizens  who  would  be  likely  to  give 
financial  aid  to  a unique  and  better  comprehensive  plan,  including 
playgrounds  and  school  gardens. 

Name 

Address 


i 


3.  How  to  Stop  Tree  Butchery 

Every  street  tree  is  worth  $1  a square  inch  in  cross  section  four  feet 
above  ground,  according  to  the  “Parker  standard,”  provided  it  is  a 
permanent  species,  well  located,  and  in  perfect  health.  The  above 
estimate  is  based  on  a town  of  100,000  inhabitants.  In  small  cities  and 
villages  the  rate  is  reduced,  but  the  total  value  is  still  high.  This 
figure  represents  the  “scenic  and  recreative  value”  of  the  trees  to 
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the  city.  Money  spent  on  planting  and  maintaining  shade  trees  may 
not  make  such  a spectacular  appeal  as  money  spent  on  the  best  mag- 
azines for  advertising  your  town  as  a desirable  place  to  live,  but  the 
“pulling  power”  of  fine  old  trees  is  a large  and  permanent  item. 
Thus  trees  add  to  the  prosperity  of  your  town  and  the  value  of  your 
property,  to  say  nothing  of  the  added  health,  comfort,  and  beauty. 

Unfortunately,  the  trees  have  to  run  a terrible  gauntlet — tree 
butchers,  damage  by  storms,  gnawing  by  horses,  smoke,  gas,  electric- 


5.  Tree  Butchery 

This  is  against  the  laws  of  Illinois.  It 
has  been  done  everywhere,  but  it  can  be 
prevented  by  having  a shade  tree  com- 
mission or  city  forester,  as  Urbana  does. 


6.  One  Way  to  Prevent  it 

It  is  never  necessary  to  mutilate  trees. 
There  are  eight  different  things  the  wire- 
using  companies  can  do.  These  are  shown 
by  lantern  slides  in  the  lecture. 


ity,  underground  pipes,  wires,  amateur  pruners,  insects,  diseases,  and 
people  who  cut  down  trees  for  fuel,  or  thru  ignorance  of  their  value. 

To  solve  all  these  problems  there  seems  to  be  only  one  way,  viz.,  to 
have  a city  forester  or  shade  tree  commissioner.  The  former  is  gen- 
erally a paid  official ; the  latter  is  a public-spirited  citizen  serving  with- 
out pay.  In  Urbana  the  trees  are  under  the  general  supervision  of 
Professor  Hottes.  No  one  can  cut  down,  plant,  or  prune  a tree  with- 
out his  permission,  and  the  city  pays  the  actual  cost  of  pruning,  which 
is  done  under  his  direction.  In  every  community  in  Illinois,  large  or 
small,  there  is  some  public-spirited  citizen  who  believes  in  his  town  suf- 
ficiently to  undertake  this  work.  If  he  does  not  possess  the  technical 
knowledge,  he  can  acquire  it  thru  books  which  the  town  library  will 
secure,  thru  correspondence  with  the  University  of  Illinois,  and  by 


experience.  The  work  can  be  spread  thruout  the  year.  It  can  be 
done  in  such  a way  as  to  prevent  antagonism,  please  the  people  deeply, 
and  build  a better  and  more  beautiful  city.  See  Figs.  5 and  6. 


APPLICATION  FOR  HELP  ON  STREET  TREES 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a man  to  give  the  illustrated  lecture  on  “The  Il- 
linois Way  of  Street  Tree  Management?  ’ ' If  so,  I will  guarantee  the 
traveling  expenses,  furnish  a good  lantern  and  operator,  and  get  the 
mayor,  aldermen,  and  park  commissioners  to  attend,  or  any  other 
citizens  who  are  likely  to  help  the  new  movement. 

Name 

Address 


4.  Special  Help  for  Farmers 

The  smallest  rural  communities  can  now  have  an  evening’s  enter- 
tainment with  colored  lantern  slides  of  exceptional  quality,  at  a total 
cost  of  about  five  cents  a person.  If  you  can  supply  the  hall,  light, 
janitor  service,  lantern,  and  operator,  it  is  possible  to  reduce  the  cost 
to  half  a cent  a person. 

The  “self-explanatory  lecture”  does  away  with  the  traveling  ex- 
penses of  a lecturer.  The  captions  are  printed  directly  under  each 
lantern  slide,  so  that  the  audience  can  read  them.  It  is  much  better, 
however,  for  you  or  some  one  to  read  the  captions,  as  this  is  quicker, 
more  spirited,  and  more  personal.  The  slides  will  be  sent  you  in  time 
to  “rehearse”  the  lecture  alone  or  before  a few  friends,  e.  g.,  the  ed- 
itor of  the  newspaper,  the  school  superintendent,  etc.,  and  you  can 
keep  the  slides  about  ten  days.  See  Fig.  7. 


7.  The  Self-Explanatory  Lecture 


Here  is  the  box  of  lantern  slides  which  farm  communities  may  borrow.  The  ballots 
serve  as  programs  and  every  person  who  signs  one  will  get  a free  copy  of  Circular  170 
(at  the  right)  which  contains  112  illustrations. 
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The  subject  is  “The  Illinois  Way  of  Beautifying  the  Farm,”  the 
same  title  as  Circular  170.  The  pictures  are  the  same  as  in  Circular 
170,  but  are  more  impressive,  because  they  are  hand-colored  by  artists. 
This  lecture  is  in  such  demand  that  seven  sets  of  slides  are  almost  con- 
stantly in  use. 

At  the  conclusion  of  your  lecture  you  will  And  that  about  one-fourth 
of  the  families  present  will  sign  a promise  to  do  some  permanent  or- 
namental planting  within  a year.  Can  you  think  of  any  easier,  quicker, 
and  cheaper  way  to  make  permanent  improvements  that  will  add 
greatly  to  the  attractiveness  of  your  community? 


APPLICATION  FOR  THE  SELF-EXPLANATORY  LECTURE 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a box  of  sixty  lantern  slides,  so  that  I may  give 
the  self-explanatory  lecture  called  “The  Illinois  Way  of  Beautify- 
ing the  Farm?,J  If  so,  I will  pay  the  express  charges  both  ways 
(about  $1.00)  on  a box  of  sixty  lantern  slides.  I will  furnish  lan- 
tern and  operator  and  pay  for  any  slides  damaged  while  in  my  care. 

Also,  please  send  me  ballots  to  serve  as  programs,  which  our 

people  can  sign,  thus  enabling  them  to  get  Circular  170,  entitled  “The 
Illinois  Way  of  Beautifying  the  Farm.  ’ ’ 

Name 

Address 


5.  Foundation  Planting  for  Farmers 

A new  type  of  county  organization  is  being  formed,  which  promises 
to  accomplish  more  high-grade  ornamental  planting  at  reasonable  cost 
and  with  better  prospects  that  the  shrubs  will  live  than  any  other 
method  with  which  we  are  acquainted. 

A single  township  may  be  taken  as  the  first  unit  for  the  fall  cam- 
paign in  1914.  Every  family  is  given  a chance  to  see  colored  lantern 
slides  of  the  best  Illinois  shrubs  for  foundation  planting.  The  county 
agent  or  advisor  plays  an  important  part,  giving  many  of  the  lectures 
and  sometimes  acting  as  treasurer.  The  organization  plans  to  have  at 
least  one  home  out  of  every  four  planted.  The  buying  is  all  done  thru 
the  treasurer  in  accordance  with  a plan  approved  by  all  the  members. 

The  plan  provides  that  every  farmer  is  to  have  shrubs  and  per- 
ennial flowers  enough  to  decorate  the  entire  front  of  his  house  and  to 
turn  two  corners.  He  gets  twenty-five  shrubs  and  fifty  perennials  at 
a cost  of  forty  cents  a bush,  and  five  cents  for  each  perennial  plant- 
a total  of  $12.50.  This  includes  the  planting  of  all  material,  and  the 
shrubs  are  guaranteed  for  three  years,  which  means  that  any  bush  that 
dies  will  be  replaced.  When  one  remembers  that  nurserymen  often 
charge  seventy-five  cents  a bush  for  furnishing  shrubs  to  individuals 


and  planting  them  (the  only  guarantee  being  that  they  are  true  to 
name  and  will  leaf  out),  the  great  advantages  of  collective  buying  are 
apparent. 

Such  a plan  seems  to  solve  four  great  difficulties  that  have  hitherto 
seemed  insuperable.  As  stated  by  the  farmers  themselves  these  diffi- 
culties are: 

1.  Farmers  have  no  time  for  ornamental  planting  in  spring. 

2.  Farmers  are  so  scattered  that  the  cost  of  transportation  is  too 
high. 

3.  Farmers  do  not  know  what  to  plant,  or  where  and  how. 

4.  Farmers  have  been  victimized  so  often  by  dishonest  nurserymen 
that  they  have  a general  distrust  of  all  nurserymen. 

To  overcome  these  difficulties,  the  first  country  improvement  associa- 
tion proposes:  (1)  to  plant  in  the  fall,  using  materials  that  can  be 

safely  planted  then;  (2)  to  use  a motor  truck  to  deliver  the  bushes  in 
the  autumn,  when  the  roads  are  in  better  condition  than  in  spring; 

(3)  to  educate  the  members  of  the  organization  thru  lantern  slides 
and  literature  furnished  by  the  Division  of  Landscape  Extension ; and 

(4)  to  deal  with  some  nurseryman  of  national  reputation  and  proved 
financial  standing,  so  that  the  guarantee  will  mean  something,  and  to 
have  the  contract  approved  by  legal  and  horticultural  experts.  The 
final  arrangements  made  by  the  first  county  improvement  association 
cannot  be  announced  at  the  time  this  circular  goes  to  press,  nor  is  it 
necessary.  Doubtless  other  good  arrangements  can  be  made  with  va- 
rious nurserymen.  The  important  thing  is  for  farmers  to  realize  the 
great  advantage  of  collective  buying  and  of  doing  as  much  planting 
as  possible  in  the  fall. 

From  the  landscape  gardener’s  point  of  view,  foundation  planting 
is  the  best  thing  for  farmers  to  undertake  first,  because  money  spent 
at  this  point  will  give  greater  results  than  anywhere  else  on  the  farm- 
stead. Foundation  planting  takes  away  the  bare  look  and  transforms 
a house  into  a home.  It  need  not  interfere  with  any  comprehensive 
plan  made  later  and  it  creates  a general  desire  for  such  plans.  It  sat- 
isfies the  universal  demand  for  “ quick  results”  better  than  trees  do, 
since  shrubs  mature  in  three  or  four  years.  To  make  plans  for  these 
foundation  plantings  would  cost  too  much,  but  the  element  of  design 
enters  into  the  scheme  to  the  following  extent:  (1)  The  material  is 

permanent,  appropriate  to  the  country,  and  will  help  to  make  Illinois 
different  from  other  states.  (2)  No  two  places  are  exactly  alike, 
since  each  farmer  can  choose  his  own  varieties.  (3)  The  shrubs  are 
arranged  by  a competent  foreman  who  is  accustomed  to  placing  bushes 
with  or  without  plans. 

From  the  nurseryman’s  point  of  view  it  is  practical  to  plant  and 
guarantee  bushes  only  when  the  homes  are  reasonably  numerous  and 
close  together.  For  example,  a motor  truck  can  go  about  one  hundred 
miles  in  one  day  to  the  scene  of  operations.  A chauffeur  and  two 
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experienced  men  can  make  about  six  foundation  plantings  in  a day,  or 
thirty-six  in  a week,  provided  the  homes  are  contained  within  a single 
township,  or  thirty-six  square  miles.  Where  the  average  farm  is  160 
acres,  there  are  about  144  homes.  If  one  family  in  every  four  joins  the 
improvement  association,  there  are  thirty-eight  plantings.  At  $12.50 
each  these  amount  to  $475.  If  $25  is  added  for  the  school,  the  total 
will  reach  $500.  This  is  the  minimum  order  for  a truck  load  of  nurs- 
ery stock.  Individual  orders  may  exceed  $12.50,  and  a farmer  may 
plant  his  entire  farmstead  in  this  way  if  he  desires,  but  no  order  for 
less  than  $12.50  is  received  under  this  plan.  By  cooperation  of  this 
sort  it  is  possible  to  plant  one-fourth  of  the  homes  in  an  entire  county 
in  three  to  five  years,  and  one  county  organization  is  now  planning  to 
win  national  fame  by  being  the  first  county  in  the  United  States  to 
beautify  its  farm  homes  by  concerted  effort. 


APPLICATION  FOR  HELP  ON  COUNTY  PLANTING 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a man  to  give  the  illustrated  lecture  on  “ Founda- 
tion Planting  for  Farmers,  ’ ’ and  tell  us  how  we  can  get  a unique 
scheme  of  county  planting  at  a cost  we  can  well  afford?  If  so, 
I will  pay  traveling  expenses  and  furnish  lantern  and  operator. 

Name 

Address 


The  Division  of  Landscape  Extension  will  aid  all  county  and  town- 
ship organizations  on  request  by  lectures,  literature,  advice,  and  loan 
of  lantern  slides.  This  and  all  other  phases  of  its  work  are,  of  course, 
entirely  educational,  no  commissions  or  profits  of  any  kind  being  re- 
ceived from  materials,  labor,  or  any  other  source. 

6.  How  to  get  Nursery  Stock 

Thousands  of  letters  are  received  from  residents  of  Illinois  asking 
where  ornamental  plants  may  be  secured,  especially  the  ones  pictured 
and  recommended  in  Circular  170.  Some  cheap  and  efficient  means  of 
answering  these  requests  must  be  found,  and  the  best  interests  of 
each  individual  should  be  considered,  without  showing  favoritism  to 
any  commercial  interest.  It  seems  impossible,  however,  to  publish  a 
complete  list  of  even  the  Illinois  nurserymen,  because  of  changes  in 
the  trade,  and  other  difficulties.  An  absolutely  complete  list  would 
hinder,  rather  than  help,  because  it  would  contain  many  addresses  of 
wholesale  dealers  who  will  not  take  retail  business  and  many  small 
growers  who  cultivate  only  a few  varieties.  The  following  list  is 
based  on  the  American  Florist  Company ’s  Directory  which  is  supposed 
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to  give  a complete  list  of  all  Illinois  nursery  firms  that  issue  retail 
catalogs.  If  any  Illinois  nurseryman  who  issues  a retail  catalog  has 
been  omitted,  he  will  know  that  it  is  by  accident,  not  design,  and  if 
he  will  notify  us,  correction  will  be  made  in  the  next  edition.  The 
University  of  Illinois  cannot  guarantee  dealings  with  any  nurseryman. 

Illinois  Nurserymen  Who  Issue  Retail  Catalogs 

A.  M.  Augustine,  Normal;  Aurora  Nursery  Co.,  Aurora;  Austin  Nursery 
Co.,  Downers  Grove;  Barnard  Company,  233  W.  Madison  St.,  Chicago;  Beaudry 
Nursery  Co.,  1747  Railway  Exchange  Bldg.,  Chicago;  Bradley  Brothers,  Makanda; 
H.  Burton,  Upper  Alton;  H.  W.  Buckbee,  Rockford;  Corn  Belt  Nursery  & For- 
estry Assn.,  Bloomington;  Cotta  Nursery  Co.,  Freeport;  L.  F.  Dintlemann,  Belle- 
ville; R.  Douglas  & Sons,  Waukegan;  W.  E.  Gallner  & Sons,  Vienna;  J.  W. 
Griesemer,  Hopedale;  S.  E.  Hall,  Cherry  Valley;  D.  Hill  Nursery  Co.,  Dundee; 
Home  Nursery,  La  Fayette;  Joliet  Nurseries,  Joliet;  James  King,  Elmhurst; 
Klehm  & Sons,  Arlington  Heights;  Leesley  Brothers,  N.  Fortieth  and  Peterson 
Avenue,  Chicago;  Maywood  Nursery  Co.,  Maywood;  The  Naperville  Nurseries, 
Naperville;  Swain  Nelson  & Sons,  941  Marquette  Bldg.,  Chicago;  Northfield 
Nursery,  Northfield;  Onarga  Nursery  Co.,  Onarga;  Peterson  Nursery,  30  N.  La 
Salle  St.,  Chicago;  Phoenix  Nursery  Lo.,  Bloomington;  Porter  & Son,  Evanston; 
Spaulding  Nursery  & Orchard  Co.,  Springfield;  Vaughan’s  Seed  Store,  31-33  W. 
Randolph  St., Chicago;  B.  J.  Wakeman  & Son,  Chebanse;  C.  H.  Webster,  Centralia; 
The  Geo.  Wittbold  Co.,  739  Buckingham  Place,  Chicago. 

Why  not  try  the  Illinois  nurserymen  first ? — Some  of  these  firms 
take  interest  enough  in  the  “ Illinois  way”  to  assemble  and  propagate 
more  species  of  Illinois  plants  than  nurseries  outside  the  state  can  be 
expected  to  do,  and  all  should  have  a fair  chance  to  share  in  a move- 
ment for  the  good  of  Illinois.  Again,  nurseries  are  to  a large  extent  lo- 
cal institutions.  No  nurseryman,  at  present,  handles  all  the  woody 
plants  of  Illinois.  Why  not  encourage  your  nearest  nurseryman  by  or- 
dering a dozen  shrubs  of  some  one  kind  that  is  pictured  or  recom- 
mended in  Circular  170? 

Why  not  try  Illinois  species  first ? — We  do  not  ask  anyone  to  deny 
himself  any  of  the  old-time  favorites  of  foreign  origin,  such  as  garden 
roses,  lilacs,  snowballs,  mock  orange,  and  deutzia,  but  do  you  want  to 
make  foreign  plants  exclusive  or  even  dominant?  Don’t  you  prefer, 
at  least  in  your  front  yard,  to  help  make  Illinois  look  different  from 
every  other  state? 

The  following  catalogs,  so  far  as  we  know,  offer  the  greatest  variety 
of  shrubs  and  vines  native  to  Illinois : Swain  Nelson  and  Company, 
Chicago,  51  kinds ; A.  M.  Augustine  and  Company,  Normal,  45  kinds ; 
Leesley  Brothers,  40th  and  Peterson  avenue,  Chicago,  40  kinds ; Wm. 
A.  Peterson,  164  La  Salle  street,  Chicago,  30  kinds.  One  of  these 
catalogs  has  all  the  species  native  to  Illinois  marked  by  a star.  All 
nurseries  have  some  species  native  to  Illinois  and  many  have  promised 
to  offer  more  species  in  greater  quantity  in  the  fall  of  1914. 

Neighborhood  organizations  and  individuals  can  get  their  plantings 
insured  against  failure  at  reasonable  cost.  For  example,  on  orders 
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amounting  to  $200,  one  nursery  firm  will  furnish,  plant,  and  guaran- 
tee for  three  years  shrubs  and  vines  at  forty  cents  each,  provided  or- 
ders are  given  thru  one  person  and  no  order  amounts  to  less  than  $10. 

The  Division  of  Landscape  Extension  will  be  glad  to  cooperate  with 
every  nurseryman  who  Avishes  to  handle  more  plants  native  to  Illinois. 

7.  How  to  Plan  Your  Home  Grounds 

One  of  the  largest  free  publications  on  landscape  gardening  ever 
issued  is  Circular  170,  “The  Illinois  Way  of  Beautifying  the  Farm.” 
(See  Fig.  7.)  Altho  written  primarily  for  farmers,  it  contains 
many  suggestions  for  dwellers  in  cities,  suburbs,  and  villages.  It  has 
112  illustrations,  which  serve  to  give  this  circular  a decorative  as  well 
as  a practical  interest.  These  pictures  are  mostly  in  pairs,  contrast- 
ing commonplace  with  better  ways  of  planting  home  grounds.  Some 
of  the  topics  discussed  are : 

The  ‘ ‘ Illinois  way  ’ ’ of  farm  architecture. 

How  to  screen  unsightly  objects  the  year  round. 

Why  shrubbery  borders  are  better  than  hedges  or  beds. 

The  value  of  a background  for  your  farmhouse. 

How  to  make  flat  prairie  interesting. 

How  to  make  your  place  look  ‘ 1 different.  ’ ’ 

Every  tree  worth  $1  a square  inch. 

Bird  gardens  for  Illinois  farmers. 

The  ‘ ‘ Illinois  way  ’ ’ of  planting  school  grounds. 

The  circular  also  explains  Avhy  permanent  planting  adds  much  more 
to  the  value  of  property  than  temporary  planting;  Avhy  bushes  and 
vines  planted  against  the  foundations  of  the  house  are  more  effective 
than  flower  beds  in  the  laAATn ; Avhy  the  native  materials  of  every  state 
are  preferable  to  foreign  and  artificial  varieties;  hoAV  to  frame  the 
Anew  to  and  from  every  house;  hoAV  to  save  coal  by  planting  wind- 
breaks; and  hoAV  to  make  a floAver  garden  that  is  really  adapted  to 
our  climate,  soil,  labor  conditions,  and  life,  instead  of  copying  some- 
thing Eastern,  English,  or  Italian. 


APPLICATION  FOR  A FREE  COPY  OF  CIRCULAR  170 
Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Please  send  me  a copy  of  Circular  170,  entitled  “The  Illinois 
Way  of  Beautifying  the  Farm.”  I promise  to  do  some  permanent 
ornamental  planting  within  a year. 

Name 

Address 
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Lists  are  given  of  the  best  shrubs  for  the  shady  side  of  the  house ; for 
feeding  the  birds  the  year  round ; for  light  and  sandy  soils ; for  high 
foundations;  for  the  prevention  of  cutting  across  lots,  etc.  Also  the 
permanent  vines  are  arranged  according  to  their  season  of  bloom. 

To  prevent  waste  of  this  expensive  publication  it  is  requested  that 
everyone  sign  a promise  like  the  above  application. 

8.  Free  “Ballots”  to  Organizations 

You  can  get  a copy  of  Circular  170,  “The  Illinois  Way  of  Beauti- 
fying the  Farm,”  for  your  friends  and  for  every  member  of  any  or- 
ganization in  which  you  are  interested,  provided  they  are  willing  to 
sign  an  “Australian  Ballot  for  Illinois  People,”  which  is  really  a 
promise  to  do  some  permanent  ornamental  planting  within  a year. 
A reduced  facsimile  of  this  ballot  is  shown  in  Fig.  7.  These  ballots 
are  sent  free  to  any  organization  in  Illinois.  A package  of  250  ballots 
can  be  sent  by  express  collect  to  any  point  in  Illinois  for  about  twenty- 
five  cents.  Thousands  of  them  have  been  distributed  at  little  or  no  cost 
by  women’s  clubs  and  chambers  of  commerce  at  their  regular  meet- 
ings. Banks  hand  them  out  to  depositors.  Farmers’  organizations 
are  mailing  them  to  their  members.  Schools  use  large  quantities. 
Mine  and  factory  owners  have  joined  in  the  movement.  These  ballots 
are  effective  at  any  season — not  merely  in  the  spring  and  fall. 


APPLICATION  FOR  BALLOTS  IN  QUANTITY 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Please  send  me  ballots  by  express  collect  and  I will  distri- 

bute them  to  members  of  the  organization  named  below,  and  to  my 
friends,  explaining  how  they  can  get  free  copies  of  Circular  170  by 
signing  this  ballot. 

Name 

Organization.  

Address 


9.  How  to  Get  Your  Front  Yard  Planted 

You  can  add  about  $500  to  the  value  of  your  lot  in  four  years  by 
cooperating  with  your  neighbors  for  three  to  five  blocks  in  getting  a 
street  plan.  See  Fig.  8.  The  plan  generally  provides  for: 

1.  A uniform,  permanent  kind  of  tree  at  uniform  distances. 

2.  Foundation  planting  for  every  home. 

3.  Connecting  shrubbery  to  make  the  street  a park. 

4.  Different  color  scheme  for  every  street. 
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5.  Every  yard  different  from  every  other. 

Every  family  can  make  changes  in  the  plan  before  it  is  accepted. 
The  cost  is  always  within  the  means  of  the  property  owners,  e.  g.,  $10 
to  $20  for  a 50-foot  lot,  or  20  to  40  cents  a front  foot. 

After  your  neighbors  have  had  the  scheme  explained  to  them,  you 
will  find  it  easy  to  get  nine-tenths  of  the  property  owners  to  join  an 
organization.  The  minority  will  gradually  convert  itself.  Sometimes 
the  members  specify  the  amount  they  are  willing  to  spend,  and  agree  to 
have  their  temporary,  misplaced,  or  diseased  trees  cut  down  when  rec- 
ommended. 


APPLICATION  FOR  NEIGHBORHOOD  HELP 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  some  one  to  give  the  illustrated  lecture  on  1 1 The 
Illinois  Way  of  Neighborhood  Planting”  and  explain  how  we  can  get 
a street  plan  by  state  aid?  If  so,  I will  guarantee  the  traveling  ex- 
penses of  the  lecturer,  and  furnish  a good  lantern  and  operator. 

Name 

Address 


10.  How  to  Get  Our  Best  Popular  Lecture 

Our  best  introductory  lecture  is  “The  Illinois  Way  of  Landscape 
Gardening. ” To  this  title  you  may  add  “adapted  to ,”  in- 

serting the  name  of  your  community,  as  this  lecture  is  never  given 
twice  alike,  but  the  illustrations  used  are  those  best  adapted  to  each 
particular  community  as  determined  by  our  representative  after  per- 
sonal investigation. 


Outline  of  Lecture 

1.  The  money  value  of  heauty. — Signed  stories  of  big  profits  made  by  plant- 
ing in  the  “Illinois  way.” 

2.  The  Prairie  school  of  artists. — How  the  middle  West  has  produced  the  first 
genuine  American  style  in  all  the  fine  arts — The  leaders,  their  fundamental  idea, 
and  their  masterpieces. 

3.  How  to  male  your  state  unique. — The  Illinois  way  of  landscape  gardening 
will  make  the  “Prairie  state”  different  from  any  other  in  the  union — The  most 
inspiring  examples — The  best  ‘ 1 repeaters  of  the  prairie.  ’ ’ 

4.  How  to  male  your  town  unique. — A city  or  county  planting  motive  based 
upon  the  trees,  shrubs,  vines,  and  perennial  flowers  adapted  to  your  soil  and 
conditions  by  ages  of  experiment  on  the  part  of  nature. 

5.  How  to  male  your  street  unique. — A different  color  scheme  for  every  street 
in  town — Four  crops  of  beauty,  or  one  big  show  of  color  for  each  season. 

6.  How  to  male  your  home  unique. — Every  front  yard  a different  set  of  bushes 
and  vines  and  a different  arrangement,  but  all  contributing  to  the  street,  town,  and 
state  style. 
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8.  A Street  Plan  Made  in  the  “Illinois  Way” 

This  simplified  plan  suggests  what  neighborhood  associations  can  get  by  cooperating 
with  the  University  of  Illinois.  The  detailed  plan  shows  where  every  bush  is  to  be  planted, 
and  gives  both  the  common  and  nursery  names  of  all  planting  material.  Here  it  is  possible 
to  show  only  the  outlines  of  foundation  planting  and  connecting  shrubbery.  (Portion  of 
plan  made  for  La  Salle,  111.  Proposed  trees  shown  by  X.) 


7.  Can  your  community  get  international  fame? — Can  your  city,  village,  or 
county  be  the  first  to  undertake  some  new  scheme  of  beautification  or  city  plan- 
ning? Its  advertising  value  and  cost — How  many  new  residents  will  it  bring,  and 
how  much  will  it  increase  the  value  of  your  property? 

8.  Your  greatest  opportunity. — What  you  can  do  now  to  make  the  biggest  im- 
provement in  the  appearance  of  your  community,  in  the  shortest  time,  and  at  the 
least  cost — Whether  you  can  get  state  aid  and  on  what  terms. 

9.  How  to  plant  your  home  grounds.-. — Practical,  specific  help  on  your  own  in- 
dividual problem — What,  where,  and  how  to  plant. 


How  the  lecture  is  adapted  to  your  conditions. — Our  representative 
will  try  to  spend  a whole  day  with  you.  He  carries  about  600  slides, 
and  is  prepared  to  illustrate  many  conditions  that  he  finds.  No  im- 
provement is  recommended  in  the  lecture  that  is  not  endorsed  by  the 
local  committee. 

To  reduce  expenses  and  save  time  it  is  necessary  to  group  the  lec- 
tures— not  scatter  them  over  the  whole  state.  This  lecture  will  draw 
and  hold  thousands,  if  properly  advertised.  Such  personal  service  can 
be  given  to  few  communities  during  1915  where  an  audience  of  300  or 
more  cannot  be  guaranteed,  unless  there  is  some  reasonable  assurance 
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that  funds  are  available  for  some  important  public  improvement  con- 
nected with  landscape  gardening. 

Some  net  results. — This  lecture  was  given  in  twenty-minute  form  in 
Peoria  before  2600  business  men  and  resulted  in  750  signed  promises 
to  do  some  permanent  planting  within  a year. 

The  citizens  invited  the  Division  of  Landscape  Extension  to  assist  in 
a week’s  gardening  revival,  as  a result  of  which  over  $10,000  were 
spent  on  permanent  planting  in  the  spring  of  1914.  One  landscape 
gardener  made  plans  for  improvements  costing  $4000,  of  which  $2500 
were  spent  within  a few  weeks. 


APPLICATION  FOR  OUR  BEST  POPULAR  LECTURE 

Division  of  Landscape  Extension,  University  of  Illinois,  Urbana,  111. 

Will  you  send  a man  to  give  the  illustrated  lecture,  “The  Illi- 
nois Way  of  Landscape  (gardening,  ’ ’ adapted  to ? 

If  so,  I will  guarantee  traveling  expenses  and  furnish  lantern  and  op- 
erator. We  will  advertise  the  lecture  thoroly  and  believe  we  can  fill 

a hall  with  a seating  capacity  of . 

A committee  representing  the  commercial  and  women’s  clubs  and 
city  government  will  meet  you  and  take  you  quickly  over  our  town  to 
see  what  you  can  do  for  us. 

Name 

Organization 

Address 
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The  State  Bankers  Association  has  furnished  the  Experiment  Station,  thru 
the  different  banks,  with  a list  of  names  of  progressive  farmers  of  the  state, 
and  has  asked  that  publications  of  special  interest  be  sent  to  their  addresses 
from  time  to  time.  Responsive  to  this  request,  this  circular  is  issued  and  is 
being  sent  not  only  to  the  names  furnished  by  the  Bankers  Association  but 
also  to  the  regular  mailing  list  of  the  Experiment  Station.  If  parties  to  whom 
this  circular  is  sent  care  to  receive  the  regular  publications  of  the  Experiment 
Station  and  will  notify  the  Director  to  that  effect,  their  names  will  be  added 
to  the  regular  mailing  list 

This  circular  is  issued  to  call  attention  to  certain  financial  aspects  fre- 
quently overlooked  in  discussions  pertaining  to  an  improved  agriculture.  It  is 
designed  to  be  studied  rather  than  hastily  read. 


THE  RELATION  BETWEEN  YIELDS  AND  PRICES 

By  E.  Davenport,  Director 
Introduction 

The  following  points  are  generally  assumed  without  argument  bv 
writers  and  speakers  discussing  agriculture: 

1.  That  large  yields  are  always  profitable  and  that  the  best 
farmer  is  the  one  who  raises  the  most  per  acre. 

2.  That  large  yields  are  a natural  antidote  for  the  high  cost 
of  living. 

3.  That  when  prices  are  low  the  farmer  should  raise  his  yields 
to  protect  his  income. 

4.  That  everybody  is  suffering  because  of  the  “slipshod  and 
wasteful  methods  of  the  American  farmer.” 

5.  That  we  should  now  copy  the  intensive  methods  of  older 
countries,  and  that  more  capital  is  needed  for  the  best  results. 

As  a matter  of  fact,  there  is  truth  in  all  these  propositions,  but 
it  is  mixed  with  an  amount  of  error  and  of  misconception  concerning 
the  economic  laws  governing  agricultural  production  that  is  dangerous 
both  to  the  farmer  and  to  the  consumer. 

Cheap  Food  and  Low  Yields 

We  are  just  emerging  from  a pioneer  agriculture,  in  which  land 
had  little  value,  because  it  was  abundant,  and  labor  was  the  principal 
element  in  the  cost  of  production.  If  the  American  farmer  has  been 
wasteful  of  fertility  it  is  because  he  has  had  it  to  waste,  but  he  has 
been  exceedingly  economical  of  labor,  which  was  costly,  and  has  pro- 
duced the  cheapest  food  the  world  has  ever  eaten,  or  ever  will  eat. 
tho  the  yields  per  acre  have  been  little  more  than  half  those  of  older 
countries.  Our  question  has  been  not  how  much  per  acre  but  how 
much  per  man,  and  in  this  the  American  farmer  has  been  right  even 
tho  his  average  yields  have  been  low. 

We  are,  however,  approaching  old-country  conditions.  Land  is 
growing  scarce,  and  therefore  costly,  so  that  elements  other  than 
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labor  have  begun  to  enter  into  the  cost  of  production  and  food  is 
necessarily  higher. 

Under  pioneer  conditions  the  highest  yields  have  been  the  most 
profitable  because  they  were  the  result,  not  of  expensive  methods  of 
farming,  but  of  especially  rich  spots  of  land  or  of  favorable  seasons, 
costing  nothing  extra  beyond  the  increased  expense  of  harvesting. 
It  is  still  true  that  high  yields  are  profitable  if  they  can  he  cheaply 
produced,  hut  the  general  principle  is  that  the  higher  the  yield  the 
greater  the  cost,  not  only  per  acre,  hut  per  bushel. 

This  natural  operation  of  the  economic  law  of  diminishing  returns 
in  farming  is  best  illustrated  by  an  experiment  begun  many  years  ago 
by  Lawes  and  Gilbert  at  Rothamsted,  England,  the  oldest  experiment 
station  in  the  world.  They  applied,  every  year  for  twelve  years,  dif- 
ferent amounts  of  complete  fertilizer  to  adjoining  fields  of  wheat, 
with  the  following  results : 


Fertilizer  applied1 

Av.  12  yrs. 

Increase 

Increase 
per  200  lbs. 

None 
200  lbs. 

18.4  bu. 

28.4  bu. 

10.0  bu. 

10.0  bu. 

' 

400  lbs. 

36.4  bu. 

18.0  bu. 

8.0  bu. 

600  lbs. 

38.0  bu. 

19.6  bu. 

1.6  bu. 

By  this  we  see  (fourth  column)  that  as  an  average  of  the  twelve 
years  the  first  200  pounds  of  fertilizer  returned  10  bushels,  but  that 
a second  200  pounds  increased  the  yield  only  8 bushels  above  the 
first,  and  that  a third  200  pounds  returned  but  a little  over  a bushel 
and  a half  above  the  double  dose,  showing  that  increased  outlay  is 
not  always  followed  by  correspondingly  increased  yields. 

The  experiment  was  continued,  and  at  the  end  of  fifty-two  years 
the  results  were  as  follows : 


Fertilizer  applied1 

Av.  52  yrs. 

Increase 

Increase 
per  200  lbs. 

None 
200  lbs. 

14.8  bu. 

23.9  bu. 

9.1  bu. 

9.1  bu. 

400  lbs. 

32.8  bu. 

18.0  bu. 

8.9  bu. 

600  lbs. 

37-i  bu. 

22.3  bu. 

4-3  bu. 

These  figures  for  half  a century  show  the  same  principle  of 
diminishing  returns  in  a modified  form.  Due  to  soil  exhaustion,  the 
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yields  from  the  unfertilized  land  decreased  during  the  fifty-two  years. 
On  account  of  a few  bad  seasons,  the  average  effect  of  the  first  dose 
(200  pounds)  was  slightly  decreased.  Owing  to  the  accumulation  of 
residues  of  fertilizer,  the  effects  of  the  second  and  third  doses  were 
relatively  larger  than  for  the  twelve-year  period,  tho  subject  to  the 
same  law  of  diminishing  returns.  That  is  to  say,  the  last  dose  of 
fertilizer  was  less  than  half  as  effective  as  the  first ; or,  what  is  the 
same  thing,  the  last  increment  of  increase  cost  more  than  twice  as 
much  per  bushel  as  the  first. 

Prices  and  Yield 

In  the  more  intensified  agriculture  that  is  just  ahead  of  us,  the 
question  is,  therefore,  not  how  much  the  farmer  can  produce  per  acre, 
but  how  much  he  can  afford  to  produce.  His  yield  must  depend,  not 
mainly  upon  his  knowledge  of  production,  but  upon  the  price  of 
the  product. 

For  example,  in  the  tables  quoted,  each  200  pounds  of  fertilizer 
cost  $7.50.  With  wheat  at  a dollar  a bushel,  a little  computation  will 
show  that  both  the  single  and  the  double  applications  would  pay, 
but  that  the  triple  application  would  swallow  all  the  profits  and  more. 
At  eighty  cents  a bushel,  only  the  first  dose  would  make  money ; while 
at  fifty  cents  a bushel,  none  of  the  treatments  would  pay,  and  both 
the  farmer  and  the  public  would  have  to  be  contented  with  the  lower 
yields  from  untreated  land  until  such  time  as  the  consumer  was 
willing  to  pay  a higher  price  for  his  food.  In  this  way  is  yield  de- 
pendent upon  price,  and  it  is  the  natural  way  in  which  supply  adjusts 
itself  to  demand  as  expressed  in  price. 

Of  the  same  tenor  is  the  experience  of  the  University,  which  is 
producing  corn  yields  varying  from  26  bushels  per  acre  on  continu- 
ously unfertilized  land,  to  an  average  of  93  and  a maximum  of  120 
bushels  per  acre  on  land  which  is  excessively  fertilized.  It  is  making 
no  money  on  either  extreme : in  the  one,  because  the  yield  is  not  suffi- 
cient to  pay  the  labor ; in  the  other,  because  the  fertilizers  are  so  cost- 
ly as  to  swallow  all  the  profits.  The  problem  of  the  farmer,  therefore, 
is  to  determine  at  what  point  between  these  extreme  yields  he  must 
aim  to  fix  his  average  yield,  and  in  determining  this  point  he  must 
take  into  consideration  the  value  of  his  land,  the  cost  of  labor,  the 
cost  of  fertilizer,  and  the  probable  price  he  will  receive  for  his  product. 


6 


From  this  we  see  the  impossibility  of  “doubling  yields  without 
increased  expense,”  and  also  that  when  prices  drop,  the  income  of 
even  the  best  farmers  must  decline,  for  extreme  yields  are  profitable 
only  with  high  prices.  It  must  be  clear  that  we  cannot  recklessly 
increase  the  yield  per  acre. 

On  the  other  hand,  we  cannot  continue  the  old-time  wasteful 
methods  of  soil  exhaustion,  cheap  and  effective  tho  they  were  in  their 
day,  because  they  are  resulting  in  decreasing  yields  in  the  face  of 
increasing  demands.  If  our  declining  yields,  due  to  soil  exhaustion, 
are  to  be  arrested  and  turned  into  even  a slight  increase  to  meet  the 
growing  demands,  it  is  clear  that  new  methods  must  be  employed, 
but  the  object  must  be  a moderate  increase  in  yield  by  economic 
methods  and  not  extreme  yields,  which  are  bound  to  result  in  loss 
to  the  farmer  or  in  prohibitive  prices  for  food,  or  both. 

Our  farming  is  now  in  a transition  stage  between  the  “extensive 
agriculture”  of  the  pioneer,  in  which  fertility  is  disregarded  and  there 
is  no  investment  but  labor,  and  the  “intensive  agriculture”  of  old  and 
densely  populated  countries,  in  which  the  main  question  is  yield  per 
acre,  resulting  either  in  high  cost  of  food  or  in  poorly  paid  labor. 
(China  produces  the  most  per  acre  but  pays  its  laborers  the  least.) 

Our  present  yields  are  below  what  the  climate  and  the  general 
situation  ought  to  produce,  owing  mainly  to  certain  adverse  conditions 
that  can  be  cheaply  and  easily  corrected,  and  money  put  into  this 
channel  will  well  repay  the  investment  because  it  will  increase  the 
yield  without  being  subject  to  the  law  of  diminishing  returns.  This 
is  where  our  present  duty  and  opportunity  lie  in  establishing  the 
foundations  of  a permanent  agriculture.  It  must  be  remembered  that 
we  have  not  yet  reached  the  intensive  stage,  where  it  will  pay 
either  the  producer  or  the  consumer  to  attempt  maximum  yields  on 
American  land. 


Rational  Procedure 

In  this  transitional  stage,  in  which  our  yields  are  kept  down  by 
certain  adverse  conditions,  the  first  step  in  a rational  procedure  is  the 
correction  of  these  conditions  by  relatively  inexpensive  methods,  such 
as  the  use  of  lime  to  correct  acidity,  the  application  of  cheap  forms 
of  phosphorus  or  of  potassium  to  balance  fertility,  keeping  nitrogen 
always  the  limiting  element,  a better  adjustment  of  crops  to  soil  and 
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to  locality,  and  the  organization  of  more  economic  systems  of  farming, 
with  special  attention  to  live  stock,  the  distribution  of  labor,  and  the 
investment  of  capital.  All  the  advice  given  out  by  the  University 
of  Illinois  at  this  juncture  is  based  upon  this  principle,  because  invest- 
ments of  this  character,  whether  of  labor  or  of  capital,  are  certain  to 
increase  the  yield  with  relatively  slight  expense.  Having  done  what 
we  can  in  this  way,  we  may  await  with  confidence  the  intensive  stage, 
the  coming  of  which  will  be  characterized  by  a permanent  rise  in  prices. 

The  Handicap  of  the  Small  Farmer 

The  greatest  hazard  in  farming  is  the  season,  against  which  im- 
proved methods  are  only  a partial  protection.  The  farmer  with  little 
or  no  capital  must  confine  himself  to  practices  that  will  pay  every 
year,  while  the  man  with  considerable  means  is  free  to  follow  those 
more  expensive  methods  which  pay  best  in  the  long  run,  even  tho  an 
adverse  season  now  and  then  might  show  a loss.  This  lack  of  capital 
cannot  be  remedied  by  short-time  loans  to  the  small  farmer,  nor  by 
loans  of  any  kind  to  the  farmer  whose  yields  are  limited  by  bad  culti- 
vation or  to  the  one  incapable  of  managing  his  business  upon  the 
more  complex  and,  to  him,  more  dangerous  basis  that  will  be  at  once 
established  when  he  attempts  to  increase  his  yield  by  a larger  use 
of  capital. 

Farming  on  Credit 

It  is  commonly  said  that  not  enough  floating  capital  is  invested 
upon  American  farms,  and  it  is  doubtless  true,  but  it  must  be  remem- 
bered, both  in  extending  credit  and  in  making  loans,  that  the  American 
farmer  has  had  little  experience  in  handling  capital.  Manifestly, 
therefore,  when  he  borrows,  both  he  and  the  lender  must  be  satisfied 
that  the  loan  will  be  judiciously  used,  or  it  may  result  disastrously. 

The  student  of  agriculture  cannot  fail  to  see  the  danger  of  over- 
capitalization  in  attempts  to  secure  abnormally  high  yields,  a danger 
which  increases  as  the  practice  spreads,  for  altho  one  man  may  safely 
increase  his  yields  without  depressing  the  price,  if  all  farmers  were 
to  follow  his  example  the  price  would  drop  and  all  would  lose  money. 
Under  this  principle  a few  farmers  will  always  be  practicing  methods 
not  practicable  for  the  mass.  By  this  we  see  that  in  the  long  run  the 
chief  results  of  better  farming  will  be  realized  by  the  consumer  rather 
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than  by  the  farmer.  All  attempts  to  hold  down  production  with  the 
purpose  of  raising  the  price  are  as  unavailing  as  they  are  unwarranted. 
The  world  wants  food,  and  the  principles  herein  presented  are  the 
ones  that  will  guarantee  its  cheapest  production. 

Conclusion 

It  is  relatively  safe,  therefore,  to  invest  capital  freely  upon  the 
farm  for  the  sake  of  correcting  abnormal  conditions  and  raising  the 
yield  to  the  normal,  but  beyond  that  point  it  will  pay  only  when  prices 
rise.  As  we  approach  this  point  by  reason  of  increased  population 
with  its  increased  demands,  either  the  cost  of  food  must  rise  or  labor 
be  greatly  degraded,  else  the  farmer  cannot  afford  to  produce  the 
increase  needed.  As  population  increases,  therefore,  but  one  alterna- 
tive will  present  itself — each  human  unit  must  become  more  efficient 
in  production,  or  it  must  deny  itself  much  of  what  is  now  enjoyed. 

This  circular  is  issued  not  as  an  argument  for  poor  farming  nor 
for  the  continuance  of  old-time  methods , but  to  point  out  that  we  arc 
not  to  step  at  once  and  blindly  into  expensive  forms  of  intensive  agri- 
culture. We  should  ascertain  and  practice  those  relatively  inexpensive 
methods  belonging  to  a transition  stage  that  correct  bad  conditions 
and  thereby  considerably  increase  the  yield  without  seriously  raising 
the  price,  so  that  the  results  may  be  profitable  alike  to  the  farmer  and 
to  the  public  whom  he  serves.  In  this  good  work  there  is  no  danger 
of  doing  too  much. 
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CIRCULAR  No.  178 


A CRISIS  IN  THE  FOOT  AND  MOUTH  DISEASE 

SITUATION1 

There  are  two  sides  to  every  question  upon  which  men  differ 
honestly,  and  at  present  there  are  differences  of  opinion  between  many 
of  the  cattle  owners  on  one  side  and  the  federal  Bureau  of  Animal 
Industry  and  the  Illinois  State  Live  Stock  Commission  on  the  other 
regarding  the  best  method  of  combating  foot  and  mouth  disease.  The 
Agricultural  Experiment  Station  recognizes  that  this  is  a crisis  and 
feels  that  a clear  statement  of  both  sides  may  aid  the  public  generally 
to  a better  understanding  of  the  present  situation. 

A brief  outline  of  preceding  events  may  serve  as  an  introduction 
to  this  statement.  Spreading  from  a single  point  in  Michigan,  the 
foot  and  mouth  disease  was  distributed  from  New  England  to  Mon- 
tana within  a month,  and  it  was  plain  that  if  not  checked  it  would  reach 
practically  every  herd  in  the  country  within  a short  time. 

The  federal  Bureau  of  Animal  Industry  and  the  various  state  live- 
stock commissions  who  are  charged  with  handling  such  matters  were 
not  organized  to  control  an  outbreak  of  such  magnitude.  At  that  time 
there  were  but  few  men  in  the  United  States  available  as  inspectors 
who  had  ever  seen  a case  of  this  disease.  Under  such  circumstances 
it  might  be  expected  that  mistakes  in  diagnosis  would  be  made.  Start- 

lThe  following  material,  prepared  by  a committee  of  the  Experiment  Station  and  pub- 
lished first  as  a press  bulletin,  is  now  republished  as  a Station  circular  in  order  to  give  it 
greater  publicity. 


in g in  late  October  with  what  seemed  a practically  hopeless  situation, 
the  centers  of  infection  have  been  located  and  removed  until  the 
general  situation  is  now  well  in  hand  and  there  is  little  uncertainty  as 
to  the  outcome  except  in  the  state  of  Illinois.  Here  the  infection  has 
been  heaviest  and  something  over  five  hundred  herds  have  been 
destroyed  in  combating  the  disease.  Of  the  herds  reported  diseased, 
less  than  twenty-five  remained  alive  on  January  12,  in  addition  to  the 
National  Dairy  Show  cattle  held  in  quarantine  for  experimental 
purposes. 

Where  even  a single  animal  has  been  found  diseased,  the  entire 
herd  has  been  slaughtered,  and  the  federal  authorities  have  agreed  to 
pay  one  half  of  the  appraised  value  of  the  slaughtered  animals,  there 
being  an  understanding,  but  no  legal  provision,  that  the  state  would 
pay  the  other  half.  The  large  financial  loss  incident  to  this  slaughter 
and  the  uncertainty  created  in  the  minds  of  other  cattle  owners  as  to 
the  possibility  of  their  being  the  next  victims  have  created  a very 
panicky  feeling  in  many  communities. 

The  cattle  owners  feel  that  they  have  been  made  to  bear  unneces- 
sary burdens  by  this  program  of  universal  slaughter.  They  point  out 
that  in  many  of  the  herds,  particularly  the  National  Dairy  Show  cattle, 
the  effect  of  the  disease  is  so  slight  as  to  be  hardly  noticeable  to  the 
casual  observer  and  that  the  death  rate  has  been  extremely  low.  They 
urge  that  a way  be  provided  for  saving  the  cattle,  particularly  in  the 
cases  where  the  herds  represent  the  results  of  years  of  careful  breeding. 

There  is  also  dissatisfaction  on  the  financial  side.  The  appraised 
values,  while  not  seriously  below  the  market  value  of  the  ordinary 
animal,  do  not  cover  the  breeding  value  of  the  animal  or  the  disorganiz- 
ation of  the  farm  business  which  has  resulted  from  the  destruction  of 
the  herds.  The  latter  is  especially  important  upon  the  dairy  farms 
where  the  farm  plan  calls  for  a herd  to  consume  the  forage.  Where 
the  cattle  are  destroyed  they  cannot  be  replaced  under  present  con- 
ditions both  because  the  traffic  in  cattle  is  stopped  and  because  it  would 
be  unwise  to  at  once  restock  the  infected  farms.  Accordingly  the 
crops  cannot  be  consumed  upon  these  farms  as  usual.  Moreover, 
there  is  no  market  for  these  forage  crops  because  of  the  danger  that 
they  may  transmit  the  disease.  As  a result  of  the  loss  of  their  cattle 
and  a market  for  their  crops,  the  affected  dairy  farmers  are  losing 
heavily,  if  not  facing  actual  financial  ruin. 

Neither  does  this  valuation  cover  the  accessory  expense  and 
inconvenience  incident  to  the  destruction  of  the  herds.  In  some 
instances  weeks  have  elapsed  between  the  date  of  diagnosis  and 
slaughter  and  another  long  period  before  the  final  disinfection  of  the 


premises.  During  this  time  a strict  quarantine  has  been  maintained, 
which  has  hampered  the  people  upon  the  farm  and  prevented  them  from 
obtaining  assistance  for  the  necessary  farm  operations.  This  quaran- 
tine has  been  continued  in  a modified  form  long  after  the  final  disin- 
fection. Finally  the  money  promised  by  the  government  has  not  yet 
been  paid,  and  the  state  has  as  yet  had  no  opportunity  to  provide  for 
payment  of  the  other  half. 

However,  the  foot  and  mouth  disease  must  be  recognized  as  one 
of  the  most  costly  animal  scourges.  In  many  herds  in  this  state  the 
disease  has  appeared  in  a mild  form  and  consequently  many  stockmen 
have  not  realized  the  seriousness  of  the  outbreak.  The  fact  is  that 
when  stripped  of  all  exaggeration  it  far  exceeds  either  tuberculosis 
or  contagious  abortion  in  the  havoc  which  it  works  and  the  ease  with 
which  it  is  spread.  It  produces  little  or  no  immunity,  so  that  ravages 
of  the  disease  recur  at  short  intervals.  With  the  present  narrow  mar- 
gin of  profit  in  the  meat  and  milk  business,  the  carrying  of  the  addi- 
tional burden  of  foot  and  mouth  disease  would  be  impossible  without 
a rise  in  the  price  of  both  milk  and  meat.  Accordingly,  if  the  disease 
became  general,  the  burden  of  this  new  state  of  affairs  would  fall  not 
only  upon  the  farmers  but  upon  the  consumers  £S  well.  Since  the 
various  elements  of  cost  have  now  forced  meat  to  an  almost  prohibitive 
price,  there  is  reason  to  expect  that  this  added  cost  would  seriously 
cripple,  if  not  practically  destroy,  the  fat-stock  industry  of  this  country. 
There  is  no  question,  therefore,  but  that  it  would  be  good  business 
policy  to  spend  vastly  more  than  the  present  struggle  has  cost  rather 
than  settle  down  to  foot  and  mouth  disease  as  an  added  burden  to  the 
animal  industry  of  the  United  States. 

The  objection  to  quarantine  as  a method  of  combating  the  disease 
is  that  it  is  both  difficult  and  expensive  to  maintain,  especially  since  the 
disease  is  so  extremely  contagious.  Such  a quarantine  is  now  being 
maintained  in  connection  with  the  Dairy  Show  cattle  at  Chicago,  and 
notwithstanding  the  unusual  value  of  the  animals  the  expense  has  been 
so  great  that  it  is  a question  whether  the  owners  would  not  have  been 
better  off  had  they  accepted  the  appraised  value  of  the  cattle  in  the 
regular  way  and  submitted  to  slaughter  at  the  beginning  of  the  out- 
break. On  an  ordinary  dairy  farm  the  expense  of  maintaining  an 
efficient  quarantine,  coupled  with  the  difficulty  in  marketing  the  prod- 
uct, would  make  the  quarantine  method  of  handling  this  disease  more 
expensive  than  the  present  slaughter  method.  The  apparent  recovery 
of  the  Dairy  Show  herd  has  been  so  frequently  referred  to  as  a suc- 
cessful result  of  the  quarantine  method  of  handling  the  disease  that  it 
seems  desirable  to  point  out  that  the  careful  and  rigid  quarantine  main- 


tained  and  the  sanitary  and  professional  care  with  which  the  cattle 
have  been  surrounded  would  be  absolutely  impossible  on  the  average 
farm. 

Even  where  quarantines  are  carefully  conducted  they  become  a 
menace  to  the  surrounding  farms  because  the  infection  can  be  carried 
in  a mechanical  way  by  birds  and  by  hunters,  as  well  as  by  cats,  dogs, 
rats,  mice,  and  rabbits.  The  difficulty  of  maintaining  an  effective  quar- 
antine is  such  that  any  attempt  to  do  so  on  a large  number  of  farms 
would  be  practically  equivalent  to  abandoning  the  effort  to  eradicate 
the  disease. 

The  present  outbreak  of  foot  and  mouth  disease  does  not  differ 
from  those  which  have  preceded  it  in  any  way  except  in  being  origi- 
nally more  widespread  and  consequently  more  difficult  to  suppress. 
The  method  of  procedure  which  is  now  being  employed  is  precisely  that 
which  has  been  successful  in  suppressing  previous  outbreaks,  and  the 
results  thus  far  attained  indicate  that  the  present  outbreak  can  be  con- 
trolled by  this  means. 

Under  such  circumstances  it  seems  the  plain  duty  of  all  who  have 
the  welfare  of  the  live-stock  interests  at  heart  to  unite  in  supporting 
the  efforts  of  the  federal  and  state  authorities  to  eradicate  the  foot  and 
mouth  disease  from  this  country. 
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FOUR  APHIDS  INJURIOUS  TO  THE  APPLE 

By  B.  S.  Pickett 
Assistant  Chief  in  Pomology 

Aphids  infesting  the  apple  buds  appeared  in  serious  numbers 
during  the  present  season  (1915)  in  the  University  orchards,  when  the 
buds  began  to  swell.  They  were  also  observed  in  neighboring  orchards 
and  in  the  experimental  orchards  of  the  Department  at  Olney  and 
Neoga.  In  1914,  apple  aphids  caused  serious  damage  in  certain  coun- 
ties in  Illinois,  and  some  damage  was  reported  from  many  sections  of 
the  state.  With  a view  to  finding  the  extent  of  the  present  season’s 
infestation,  the  writer  telegraphed  to  six  orchardists  in  representative 
parts  of  the  state  for  information  as  to  the  occurrence  of  the  insects. 
The  replies  were  as  follows : 

From  Johnson  county. — Aphis  worse  than  ever  before.  Something  must 
be  done  quickly  or  crop  is  ruined. 

From  Marion  county. — Aphis  situation  much  more  serious  this  morning 
(April  10). 

From  Union  county. — Find  some  aphis  but  not  in  alarming  numbers. 

From  Washington  county. — Do  not  find  any  aphis. 

From  Jersey  county. — Green  aphis  very  bad  on  almost  all  orchards. 

From  Tazewell  and  McLean  counties. — The  aphids  are  very  bad  at  Lilly. 
At  Normal  there  are  some  aphids  on  some  trees. 

The  replies  indicate  a serious  infestation  more  or  less  widely 
spread  over  the  state,  and  the  Department  of  Horticulture  is  therefore 
preparing  this  brief  circular  in  order  to  provide  information  regarding 
the  insects  and  to  suggest  measures  for  their  control. 

Character  of  Injury 

The  aphids  attack  the  opening  buds,  the  young  fruits,  the  growing 
shoots,  and  the  leaves,  sucking  the  plant  juices  from  the  succulent  parts 


by  means  of  long,  very  slender,  tube-like  beaks  which  they  thrust  thru 
the  skins  of  the  affected  organs  into  the  soft  tissues  beneath.  They 
weaken  the  blossom  buds  by  removing  the  sap ; they  dwarf  and  de- 
form the  apples  so  that  varieties  of  ordinary  size  frequently  fail  to 
grow  larger  than  small  crab  apples,  and  the  fruits  have  a puckered 
appearance  about  the  calyx  end;  they  suck  the  juice  from  the  growing 
shoots,  dwarfing  them;  and  they  cause  the  leaves  to  curl,  and  if  the 
insects  are  present  in  large  numbers,  to  dry  up  and  fall  off.  They  are 
more  injurious  to  the  growth  of  young  trees  than  of  old  trees.  In  old 
trees  their  chief  injuries  are  on  the  fruit. 

Description  of  the  Aphids 

Four  kinds  of  aphids  attack  the  apple,  the  Apple  Aphis  ( Aphis 
pomi  DeG.),  the  Rosy  Apple  Aphis  ( Aphis  sorbi  Kahl.),  the  European 
Grain  Aphis  ( Siphocorync  avenae  Fab.),  and  the  Clover  Aphis  ( Aphis 
bakeri  Cowen).  All  kinds  are  small,  soft-bodied,  sucking  insects  re- 
producing themselves  with  great  rapidity  in  dry,  warm  weather.  Cold, 
heavy  rains  are  detrimental  to  the  propagation  and  development  of 
the  insects.  The  various  species  differ,  however,  in  their  appearance 
and  habits  in  some  important  respects. 

The  Apple  Aphis  eggs  are  deposited  in  the  fall  on  the  new  shoots 
and  at  the  base  of  the  bud  scales.  The  eggs  are  small  shining  black 
objects  and  are  often  to  be  found  in  great  numbers.  The  eggs  hatch 
about  the  time  the  buds  begin  to  open,  and  the  aphids  may  be  found 
infesting  the  young  shoots,  expanding  leaves,  and  flower  buds.  The 
adults  are  one-twelfth  of  an  inch  long,  and  bright  green  in  color.  This 
species  is  particularly  partial  to  the  young  shoots  and  tender  terminal 
leaves,  but  it  also  deforms  and  stunts  the  fruit  when  present  in  large 
numbers  during  and  immediately  following  the  blooming  period.  The 
Apple  Aphis  lives  on  the  apple  trees  thruout  the  year. 

The  Rosy  Apple  Aphis  eggs  are  deposited  in  the  same  manner  as 
those  of  the  Apple  Aphis  and  hatch  at  the  same  time  in  the  spring. 
The  adults  are  slightly  larger  than  those  of  the  Apple  Aphis,  one- 
tenth  of  an  inch  long,  and  are  variable  in  color,  usually  rosy,  but  some- 
times gray,  purplish,  or  black.  This  species  is  particularly  partial  to 
the  fruit  spurs  and  destructive  to  young  fruits,  tho  it  also  attacks  the 
young  shoots  and  causes  the  leaves  to  curl  as  does  the  Apple  Aphis. 
Unlike  the  Apple  Aphis,  this  species,  after  producing  three  generations 
on  the  apple,  migrates  to  some  unknown  food  plant,  where  it  passes 
the  summer,  returning  to  the  apple  trees  in  the  fall. 

The  European  Grain  Aphis  lays  its  eggs  on  the  apple  in  the  fall 
and  produces  two  generations  on  the  apple  in  the  spring,  after  which 
it  migrates  to  grass  and  grain  crops  for  the  summer,  returning  to  the 
apple  in  the  fall.  The  adults  are  smaller  than  the  previous  species  and 
green  in  color.  It  infests  the  flower  buds  and  blossoms  to  an  even 
greater  extent  than  the  Apple  Aphis  or  the  Rosy  Apple  Aphis,  but. 


owing  to  its  earlier  migration,  it  is  less  injurious  to  the  leaves  and 
young  shoots. 

The  Clover  Aphis  lays  its  eggs  in  the  fall  on  the  shoots  of  the 
apple.  The  eggs  hatch  a week  or  more  before  the  Apple  Aphis.  Most 
of  the  aphids  migrate  to  clover  or  alfalfa  in  June,  tho  a few  appear 
to  remain  on  the  apple  thruout  the  season.  The  adults  are  light  yellow 
or  pink  in  color. 

All  the  species  described  occur  in  Illinois,  and  more  than  one  of 
them  may  be  found  the  same  season  in  the  same  orchard.  In  fact  it 
is  quite  possible  that  all  four  species  are  sometimes  present  in  the  same 
orchard.  Information  as  to  the  relative  seriousness  of  the  different 
species  is,  unfortunately,  incomplete ; orchardists  are  advised  to  observe 
carefully  the  habits  and  appearance  of  these  insects  as  they  have  op- 
portunity in  their  orchards,  in  order  to  identify  the  species  and  to 
determine  whether  or  not  the  particular  species  present  is  causing  suf- 
ficient injury  to  call  for  remedial  measures.  During  the  present  season 
orchardists  should  make  an  immediate  examination  of  their  trees  and 
if  aphids  are  found  in  large  numbers,  should  take  immediate  steps  to 
combat  them.  Growers  whose  orchards  suffered  in  1914  should  be 
especially  prepared  to  fight  these  pests  this  spring. 

Remedial  Measures 

The  species  of  aphids  above  described  are  easily  killed  in  the  adult 
stage  by  certain  contact  sprays.  Winter  applications  of  lime  sulfur 
cannot  be  depended  on  to  destroy  the  eggs.  Poison  sprays  such  as 
arsenate  of  lead  are  not  eaten  by  this  type  of  insect,  and  consequently 
are  ineffective  remedies  for  aphids.  Kerosene  emulsion  is  effective 
but  is  uncertain  in  its  effect  on  the  foliage  of  the  trees.  The  best  avail- 
able sprays  are  the  tobacco  decoctions,  of  which  the  one  most  widely 
in  use  is  “Black  Leaf  40,”  a proprietary  tobacco  extract,  made  by  the 
Kentucky  Tobacco  Products  Company,  Louisville,  Kentucky.  This 
material  is  used  at  the  rate  of  one  gallon  in  one  thousand  gallons  of 
spray.  It  may  be  combined  with  lime  sulfur,  lime  sulfur  arsenate  of 
lead,  Bordeaux,  or  Bordeaux  arsenate  of  lead,  not  with  arsenate  of  lead 
alone. 

The  ideal  time  to  spray  for  these  aphids  is  just  as  soon  as  all  or 
nearly  all  the  eggs  appear  to  have  hatched.  Observations  made  in  the 
University  orchards  this  season  indicate  that  all  the  eggs  hatched  before 
the  blossom  buds  began  to  separate.  After  the  leaves  expand  some- 
what and  the  blossom  buds  separate,  the  aphids  are  provided  with  more 
hiding  places  and  are  more  difficult  to  hit  with  the  spray.  Unfortu- 
nately, spraying  at  this  time  would  require  an  extra  application  in 
addition  to  the  cluster  bud  spray  (made  for  scab,  curculio,  bud  moth, 
spring  canker  worms,  etc.),  and  would  thus  add  seriously  to  the  cost 
of  the  season’s  operations.  Spraying  for  aphids  at  the  time  of  the 
cluster  bud  spray  is,  however,  highly  effective,  and  in  general  it  is 


advised  that  this  method  be  followed.  If,  however,  previous  experi- 
ence has  shown  serious  losses  from  aphids,  or  if  they  are  present  in 
extremely  large  numbers,  the  extra  application  may  be  well  worth 
while. 

Fruit  growers  will  confer  a favor  on  the  Department  of  Horticul- 
ture if  they  will  write  us  the  results  of  their  observations  on  the 
behavior  of  the  aphids  during  the  present  season.  The  points  on 
which  information  is  particularly  desired  are  the  time  of  appearance 
and  extent  of  the  infestation,  the  color  of  the  adults,  the  duration  of 
the  attack,  the  disappearance  and  reappearance  of  the  aphids,  if  these 
occur,  and  the  success  or  failure  of  any  remedial  measures  tried.  Such 
information  will  be  very  helpful  in  determining  the  extent  of  the  need 
for  treatments  and  the  character  of  the  treatments  themselves. 
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THE  SAN  JOSE  SCALE 

( Aspidiotus  perniciosvs  Comstock) 

By  PRESSLEY  A.  GLENN 

The  San  Jose  scale  is  capable  of  doing  more  injury  in  Illinois 
to  fruit-trees  and  many  other  valuable  trees  and  shrubs  than  any  other 
insect  in  the  state,  and  as  no  general  article  on  the  species  has  ever 
been  printed  in  the  State  Entomologist’s  report  or  in  the  Bulletin  of 
the  Illinois  Agricultural  Experiment  Station,  it  is  believed  that  a com- 
prehensive discussion  of  the  subject,  brought  down  to  date,  will  have 
a considerable  practical  value. 

This  insect  is  so  inconspicuous  that  it  may  easily  be  overlooked ; 
and  its  power  of  multiplication  is  so  great  that,  in  a comparatively 
short  time,  it  may  overspread  the  trunk,  limbs,  twigs,  leaves,  and  even 
the  fruit,  of  the  trees  or  shrubs  which  it  infests,  either  killing  the  plants 
outright,  or  so  injuring  them  that  they  become  worthless.  (See  PI.  I., 
Figs.  1,  2;  PI.  II.,  Fig.  1 ; and  PI.  III.,  Figs.  1,  2.)  It  is  primarily  an 
orchard  pest,  and  is  most  important  in  large  commercial  orchard  dis- 
tricts; but  it  is  also  very  injurious  in  parks  and  private  grounds,  and 
on  lawns  in  cities  and  towns.  Its  control  is  much  more  difficult  in 
towns  than  in  orchard  districts,  because  in  the  former  the  values  in- 
volved in  each  case  are  commonly  too  small  to  make  it  seem  worth 
while  for  the  property  owner  to  go  to  the  trouble  and  expense  of 
getting  the  information  and  equipment  necessary  for  its  destruction ; 
while  in  the  latter  the  interests  involved  warrant  the  expenditure  of 
money  and  time  necessary  to  its  effective  control. 

Origin  and  Distribution 

The  San  Jose  scale  is  a native  of  China,  and  it  was  probably 
introduced  into  the  United  States  direct  from  that  country  about  1870, 
on  trees  imported  by  James  Lick,  of  San  Jose,  Cal.,  for  plant- 
ing on  his  private  grounds.  By  1873  it  had  become  destructively 
abundant  in  orchards  surrounding  the  premsies  of  Mr.  Lick,  and  it 
soon  became  known  as  the  San  Jose  scale.  In  1893  it  was  discovered 
at  Charlottesville,  Va.,  and  by  1895  it  had  been  found  at  various 
points  in  thirteen  of  the  eastern  and  central  states.  In  nearly  every 
instance  the  infestation  was  traced  directly  or  indirectly  to  one  or  the 
other  of  two  large  nurseries  in  New  Jersey,  from  which  it  had  been 
sent  out  on  infested  stock. 
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This  discovery  created  a general  alarm  thruout  the  country;  and 
state  legislatures  were  asked  to  enact  laws  for  the  prevention  of  the 
further  spread  of  the  scale  and  for  its  eradication  in  localities  already 
known  to  be  infested.  Some  states  responded  promptly,  but  in  others 
practically  nothing  was  done  to  arrest  its  progress;  and  even  in  those 
which  provided  suitable  laws  it  had  already  become  too  firmly  estab- 
lished to  make  its  eradication  possible.  It  was  hoped,  however,  that 
its  further  spread  could  be  prevented  by  a rigid  inspection  of  nurseries, 
but  this  hope  has  been  only  partially  realized.  Its  spread  has  been 
strongly  checked  by  this  means,  however,  and  thousands  of  premises 
are  free  from  it  which  would  otherwise  now  be  infested.  It  has 
nevertheless  spread  to  practically  all  the  fruit-growing  sections  of  the 
United  States,  and  has  become  established  in  forty  or  more  of  the 
states. 

The  San  Jose  scale  was  first  discovered  in  Illinois  in  the  fall  of 
1896*,  when  it  was  found  on  about  a dozen  peach  and  apple  trees 
which  had  been  lately  received  by  Mr.  Valentine  J.  Kiem,  of  Quincy, 
from  a large  New  Jersey  nursery.  Dr.  S.  A.  Forbes  at  once  undertook 
to  learn  whether  it  had  been  introduced  elsewhere  in  Illinois.  Lists 
of  shipments  of  nursery  stock  into  the  state  made  by  all  New  Jersey 
firms  in  whose  nurseries  the  San  Jose  scale  had  been  detected,  were 
secured  thru  the  courtesy  of  the  proprietors,  and  the  imported  stock 
at  each  place  on  these  lists  was  carefully  inspected.  By  this  means 
the  scale  was  definitely  located  at  17  other  points,  scattered  thru  13 
Illinois  counties.  In  some  cases  the  infestation  was  apparently  still 
confined  to  the  imported  trees ; in  others  it  had  spread  to  trees  near  by ; 
and  in  2 cases  it  had  spread  to  adjoining  orchards,  to  an  extent  to 
show  that  it  must  have  been  introduced  several  years  before.  By 
July,  1899,  it  had  been  detected  in  30  places  scattered  thru  18  coun- 
ties, and  by  October,  1900f,  the  number  of  its  known  localities  had 
increased  to  44,  5 in  the  northern,  9 in  the  central,  and  20  in  the 
southern  part  of  the  state.  In  most  cases  the  local  distribution  was 
still  very  limited,  being  confined  in  many  cases  to  a single  orchard; 
but  in  a few  it  had  become  so  extensive  that  Dr.  Forbes  expressed  the 
opinion,  in  his  report  of  1900,  that  eradication  was  probably  no  longer 
possible  without  a destruction  of  all  infested  property.  By  February, 


♦Twentieth  Rep.  State  Ent.  111.,  p.  1. 

|Rep.  111.  State  Ent.  concerning  Operations  under  the  Horticultural  Inspec- 
tion Act.  Oct.  31,  1900. 
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1903*,  it  had  been  found  in  64  Illinois  localities ; and  very  thoro  insec- 
ticide operations  in  nearly  all  of  them  had  exterminated  it  in  only  8. 

In  1906f,  51  of  the  102  counties  of  the  state  were  known  to  be 
more  or  less  infested ; but  43  per  cent  of  the  infested  orchards  were 
in  2 of  these  counties.  Even  in  these  2 counties  the  scale  had  not  yet 
become  general,  and  in  30  of  the  others  listed  the  average  number  of 
infested  orchards  was  only  3}4- 

In  1908  the  San  Jose  scale  was  known  to  be  present  in  79  counties, 
in  10  of  which,  all  in  the  southern  part  of  the  state,  the  infestation 
had  become  general.  In  10  counties  it  was  limited  to  3 centers;  in  17 
counties,  to  2 centers;  and  in  22  counties,  to  1 center.  In  the  same 
year,  1007  farm  orchards  lying  in  two  belts,  each  half  a mile  wide, 
one  extending  north  and  south,  from  Rockford  to  Centralia,  and  the 
other  east  and  west,  from  Danville  to  East  Hannibal,  were  inspected 
to  see  to  what  extent  they  were  infested  by  the  San  Jose  scale.  Thirty- 
nine  of  these  orchards  or  3.87  per  cent,  were  found  infested;  from 
which  fact  we  may  infer  that  about  4 per  cent  of  the  farm  orchards 
of  the  state  were  infested  at  that  time. 

No  attempt  has  been  made  since  1908  to  collect  data  of  its  spread, 
or  to  seek  out  new  centers  of  dispersal.  At  least  eight  counties  more 
have  nevertheless  been  added  to  the  list,  and  it  probably  might  be 
found  to  some  extent  in  nearly  every  county  in  the  state. 

Many  southern,  and  some  central  and  western  counties  are  quite 
generally  infested,  and  in  some  of  these  counties  the  Osage  orange 
hedges  are  commonly  infested  as  well  as  the  orchards.  The  infesta- 
tion is  by  no  means  general,  however,  in  all  the  southern  and  western 
counties.  In  1912,  of  78  orchards  averaging  over  1000  trees  each, 
inspected  in  Pike  county,  37  per  cent  were  found  infested;  of  55 
orchards  in  Jefferson  county  averaging  over  500  trees  each,  96  per  cent ; 
and  of  85  orchards  in  Wayne  county  averaging  over  600  trees  each, 
14  per  cent  were  infested.  The  San  Jose  scale  is  to  be  found  in  prac- 
tically all  the  towns  and  villages  of  the  southern  part  of  the  state. 
It  has  also  reached  many  towns  and  orchards  in  northern  Illinois, 
but  in  much  smaller  proportion  than  farther  south.  It  also  multiplies 
less  rapidly,  and  is  hence  far  less  destructive,  in  the  northern  counties 
with  their  cooler  climate  and  shorter  growing  season. 


*Rep.  111.  State  Ent.  on  the  Horticultural  Inspection  Law . Nov.  1,  1900- 
February  1,  1903. 


tBull.  62,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  p.  23. 
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Dangerous  Character  of  the  Scale 

It  is  difficult  for  one  to  realize  fully  the  dangerous  character  of 
the  San  Jose  scale  unless  he  has  seen  its  work.  It  feeds  on  the  sap  of  • 
the  host  plant.  The  amount  of  sap  that  a single  individual,  or  even 
several  hundred  individuals  could  extract  could  not  injure  a healthy 
tree  or  shrub,  but  the  species  multiplies  so  rapidly,  that  from  a few 
scattered  parents  millions  of  progeny  may  be  produced  in  a season  or 
two,  sufficient  to  cover  completely  the  bark  of  parts,  or  even  all,  of  the 
tree  (PI.  I.,  Figs.  1,  2;  and  PI.  II.,  Fig.  1.)  Most  of  our  insect  pests 
have  natural  enemies  which  so  restrain  their  multiplication  that  they 
become  destructively  abundant  only  now  and  then;  but  those  of  the 
San  Jose  scale  are  inadequate  to  its  control.  A young  tree  or  shrub 
may  be  killed  by  the  scale  in  two  or  three  years ; older  trees  withstand 
the  attack  longer,  but  sooner  or  later  are  likewise  destroyed.  Young 
orchards  are  killed  out  more  quickly  than  old  ones ; and  where  young 
trees  are  set  in  old  infested  orchards,  they  also  become  infested  and  die 
before  they  are  old  enough  to  fruit.  Where  this  insect  is  present, 
orchards  or  other  plantations  containing  trees  susceptible  to  its  injury 
can  only  be  preserved  by  spraying. 

The  scale  does  not  confine  its  attack  to  the  bark  of  the  tree,  but 
infests  the  leaves  and  fruit  also.  The  fruit  of  apple,  peach,  and  pear 
frequently  become  as  badly  infested  as  the  bark.  (See  PI.  III.,  Figs. 
1,  2.)  It  is  comparatively  easy  to  prevent  serious  injury  to  the  tree 
by  the  use  of  proper  measures  of  control;  but  it  is  very  difficult  to  pre- 
vent some  spotting  of  the  fruit.  Scaly  fruit  is  unsightly  and  unsalable, 
and  does  not  keep  well,  and  the  annual  loss  in  Illinois  from  this  cause 
is  very  large,  even  in  orchards  which  are  fairly  well  sprayed. 

The  small  size  and  inconspicuous  character  of  the  San  Jose  scale 
add  very  greatly  to  its  economic  importance.  The  best-trained  in- 
spector can  not  be  depended  upon  to  detect  it  in  every  case  of  slight 
infestation,  and  those  unfamiliar  with  it  rarely  distinguish  it  until 
it  has  done  much  harm,  and  has  had  time  to  become  so  widely  dis- 
tributed that  its  eradication  is  impossible. 

Life  History  and  Appearance 

The  female  San  Jose  scale  does  not  lay  eggs,  as  most  insects  do, 
but  brings  forth  living  young,  which  are  just  visible  to  the  unaided 
eye  as  yellow  crawling  specks.  They  move  about  for  periods  varying 
with  the  temperature  from  twelve  to  forty-eight  hours.  An  experi- 
ment made  in  New  York  by  Lowe  and  Parrott  shows  that  the  crawling 
young  may  travel  at  the  rate  of  2.1  inches  an  hour  as  a six-hour  aver- 
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age.  They  then  insert  their  bristle-like  beaks  into  the  bark  and  begin 
to  feed.  A day  or  two  after  settling  down  they  are  completely  cov- 
ered by  white  waxy  filaments  secreted  by  glands  scattered  over  the 
body;  and  these  filaments  soon  run  together  to  form  a continuous 
waxy  covering.  At  this  stage  of  development  the  insect  is  easily  de- 
tected ; but  in  a few  days  the  waxy  covering  becomes  dark  and  very 
difficult  to  detect  with  the  unaided  eye,  especially  on  a dark  surface. 
When  viewed  with  a hand  lens,  however,  it  looks  not  unlike  a minia- 
ture volcano,  having  the  shape  of  a very  low  cone  with  a circular 
ridge  at  the  apex,  inside  of  which  is  a nipple-like  elevation.  As  the 
insect  grows  the  scale  enlarges,  the  female  scale  remaining  almost 
circular  with  the  nipple  near  the  center  (PI.  II.,  Fig.  2),  and  the  male 
scale  becoming  about  twice  as  long  as  wide,  with  the  nipple  near 
one  end  (PI.  II.,  Fig.  3).  In  summer  or  fall,  examples  of  all  these 
stages  may  be  seen  on  the  bark  of  an  infested  tree,  but  in  winter  and 
early  spring  only  the  small,  dark,  immature  scales  and  the  mature 
males  and  females  are  found. 

Scattered  specimens  of  the  San  Jose  scale  are  difficult  to  find, 
but  they  may  be  discovered  with  the  aid  of  a good  pocket-lens.  When 
numerous,  the  crawling  young  and  those  in  the  white  stage  may  be 
readily  detected  with  the  unaided  eye;  when  the  bark  is  heavily  in- 
fested with  mature  insects  it  becomes  completely  incrusted  with  ther* 
waxy  coverings  and  has  a rough,  ashy-gray  appearance  which  is  easily 
recognized.  Parts  of  trees  so  infested  are  usually  seriously  injured. 
The  unhealthy  appearance  of  a tree  or  limb  during  the  growing  sea- 
son is  therefore  an  indication  of  the  possible  presence  of  the  scale, 
and  should  lead  at  once  to  a careful  examination.  On  fruit  and  on 
tender  bark  the  scale  produces  a conspicuous  red  spot,  and  by  watching 
the  fruit  the  orchardist  may  usually  detect  its  presence  in  bearing  trees 
before  it  has  caused  serious  injury. 

When  mature,  the  male  comes  out  from  under  its  waxy  covering 
as  a very  delicate  two-winged  insect  (Fig.  1).  The  female  (Fig.  2) 
remains  alive  under  her  covering  for  about  six  weeks  after  reaching 
maturity,  gives  birth  to  a new  generation,  and  then  dies. 

The  winter  is  passed  in  an  immature  stage,  on  the  bark  of  the  host 
plant.  In  spring  the  hibernating  individuals  continue  their  growth  and 
mature  usually  about  the  latter  part  of  May,  and  by  the  first  of  June 
the  young  of  the  first  generation  begin  to  appear,  the  time  varying 
greatly  with  the  latitude  and  character  of  the  season.  In  an  experi- 
ment made  by  James  A.  West,  of  the  State  Entomologist’s  staff,  at 
Urbana  in  1908,  the  first  young  appeared  May  30,  and  reproduction 
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Fig.  1.  San  Jose  scale,  mature  male. 


Fig.  2.  San  Jose  scale:  a,  mature  female  scale,, 
showing  general  form  of  the  insect  and  the 
threadlike  mouth-bristles  with  which  it  pierces 
the  bark  and  sucks  sap  from  the  tree;  6,  caudal 
end  of  female  scale,  showing  lobes  and  spines- 
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continued  for  152  days,  closing  October  28.  The  following  table  shows 
the  dates  of  birth  and  of  maturity  of  the  first-born  and  the  last-born 
of  each  generation . 


Generations 

Time  of  appearance 

Time  of  maturing 

First-born 

Last-born 

First-born 

Last-born 

First 

May  30 

July  15 

July  10 

August  19 

Second 

July  10 

October  1 

August  16 

Hibernate 

Third 

August  16 

October  28 

September  18 

Hibernate 

Fourth 

September  18 

October  28 

October  29* 

Hibernate 

A new  generation  of  young  began  to  appear  every  thirty-seven 
days,  and  the  average  period  during  which  each  female  reproduced  was 
forty-three  days.  The  average  number  of  young  produced  by  the  over- 
wintering females  was  147.5,  and  the  averages  for  the  females  of  the 
first,  second,  and  third  generations  were  472.5,  509,  and  247.5  respec- 
tively. 

Two  full  and  two  partial  generations  were  produced,  and  the 
first  representatives  of  a fifth  generation  were  due  to  appear  when 
reproduction  ceased.  All  of  the  first  and  nearly  all  of  the  second 
generation  reached  maturity  before  the  close  of  the  season,  but  the 
larger  part  of  the  partial  third  and  nearly  all  of  the  partial  fourth 
generations  were  still  immature  at  its  close,  and  thus  entered  the  win- 
ter in  this  stage. 

This  record  may  be  considered  as  typical  for  the  latitude  of  Ur- 
bana.  In  the  southern  part  of  the  state,  where  the  season  is  some- 
what longer,  and  in  any  season  lengthened  by  an  unusually  early  spring 
or  a late  autumn,  a partial  fifth  generation  is  no  doubt  produced.  In 
the  northern  part  of  the  state,  where  the  season  is  shorter,  the  fifth 
generation  probably  never  appears,  and  the  fractional  parts  of  the 
third  and  fourth  generations  are  much  smaller  than  in  the  latitude  of 
Urbana. 

A small  variation  in  the  length  of  the  season  affects  very  greatly 
the  abundance  of  the  scale.  This  is  true  of  all  insects  having  a short 
life-cycle,  with  several  generations  in  a season,  especially  if  each  female 
produces  many  young,  unless,  indeed,  natural  checks  effectually  re- 
strain the  species.  The  enormous  fecundity  of  such  insects  is  one  of 


•Date  computed. 
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the  most  interesting  and  important  features  of  their  economy.  Pre- 
vious attempts  to  estimate  the  possible  number  of  offspring  descending, 
under  ideal  conditions,  from  a single  female  San  Jose  scale  during  a 
season,  have  not  taken  sufficient  account  of  the  many  complex  factors 
of  the  problem.  The  writer  has  here  attempted  to  make  such  an  esti- 
mate with  some  degree  of  accuracy,  having  in  view  the  percentage 
of  males,  the  periods  of  growth,  and  the  rate  of  reproduction  in  each 
generation.  The  data  relative  to  the  percentage  of  females  are  from 
Mr.  Pergande’s  Washington  experiment  of  1896,  and  the  others  are 
from  Mr.  West’s  experiment.  They  are  summarized  in  the  following 
table. 


Reproducing  females 

Ter  cent 
of 

females 

Growth 

period, 

days 

Repro- 

ducing 

period, 

days 

Av.  FTo. 
of 

young 

Daily 
rate  of 
reproduc- 
tion 

Overwintering  female. . . 

44 

147 

3.102 

1st  generation 

35 

ii 

43 

473 

11. 

2d  generation 

! 35 

37 

44 

509 

11.57 

3d  generation 

10 

34 

59 

247.5 

6.346 

4th  generation 

GO 

40* 

39 

— 

From  these  data  were  obtained  the  number  of  young  that  would 
be  produced  for  periods  of  142  days,  152  days,  and  162  days,  respec- 
tively, as  shown  in  the  following  table. 


Generations 

dumber  of  descendants  during  a repro- 
ducing season  lasting 

142  days 

152  days 

162  days 

First 

147 

24,123 

1,510.908 

10,465,685 

147 

24,123 

1,871,025 

30,896,177 

147 

24,123 

2,181,684 

69,133.639 

1,572,637 

Second  

Third 

Fourth 

Fifth 

Total 

12,000,863 

32,791,472 

72,912,230 

The  figures  in  the  middle  column  are  for  the  season  of  Mr.  West’s 
experiment,  which  began  May  30,  and  closed  October  28.  Taking  the 
growth  period  of  the  males  as  twenty-five  days,  and  their  adult  period 
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Plate  I 


Fig.  1.  Plum  bark  incrusted  with  San  Jose  Seale,  enlarged  eight  diameters 
to  show  the  individual  scales. 


Fig.  2.  San  Jose  Scale  on  peach.  X S, 


Plate  II 


Fig.  1.  San  Jose  Seale  incrusting  apple  bark.  X 8. 


Fig.  2.  San  Jose  Seale  on  peach,  showing  mature  female  scales  and  young 
in  different  stages.  X 8. 


Fig.  3.  San  Jose  Seale  on  peach.  The  large  circular  scales  are  females; 
the  smaller,  elongated  scales  are  males;  and  the  small  circular  scales  are  young  in 
different  stages  of  growth.  X 8. 


Plate  111 


Fig.  1.  Pear  infested  with  San  Jose  Scale.  (Kansas  State 
Entomological  Commission.) 


Fig.  2.  A part  of  the  pear  (Fig.  1)  enlarged  to  show  the  individual 
scales.  (Kansas  State  Entomological  Commission.) 


Plate  IV 


Parasitized  San  Jose  scales  showing  the  characteristic  holes 
in  the  scales  through  which  the  adult  parasites  escaped.  X 


Classification  of  Product  as  to  Stages  of  Development 
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General  Summary  as  to  Mortality 


Condition 

M ales 

Females 

Total 

X umber 

Per 

cent 

Number  j 

Number 

Per 

cent 

Dead 

Living 

Total 

350,034 

12,585,521 

1.067 

38.03 

2,403 

19,853,514 

.008 

60.895 

352,437 

32,439,035 

1.075 

98.925 

12,935,555 

39.097 

19,855,917 

60.903 

32,791,472 

100. 

as  five  days;  the  growth  period  of  females  as  thirty-seven  days  and 
their  reproductive  period  as  forty-two  days;  and  assuming  that  Per- 
gande’s  percentages  of  males  and  females  in  the  various  generations 
hold  true  thruout  the  season,  a classification  of  the  product  as  to  stages 
of  development  at  the  close  of  the  season  may  be  made  as  shown 
above. 

The  most  interesting  inferences  from  this  computation  are  the 
enormous  number  of  offspring  theoretically  possible  under  optimum 
conditions,  the  large  variations  in  the  total  product  due  to  slight  differ- 
ences in  the  length  of  the  reproducing  season,  and  the  surprisingly 
large  per  cent  of  the  progeny  which  are  still  alive  at  the  close  of  the 
season. 

No  account  could  be  taken  of  the  many  mishaps  which  must  pre- 
vent many  of  the  young  from  reaching  maturity  and  many  of  the 
adult  females  from  producing  their  full  quota  of  young;  hence  it  is 
not  really  possible  that  the  number  of  young  produced  ever  equals 
that  here  shown  to  be  possible  theoretically.  On  the  other  hand, 
these  results  have  been  worked  out  with  mathematical  accuracy  from 
averages  actually  secured  in  breeding  experiments,  and  must  serve  to 
convince  any  one  that  the  San  Jose  scale,  if  allowed  to  multiply 
unchecked  on  any  favorable  host  plant  or  in  any  community, 
will  prove  to  be  a very  destructive  pest,  and  they  must  also  make  it 
clear  that  spraying  to  control  it  must  be  done  so  thoroly  as  to  destroy 
nearly  or  quite  every  living  insect. 

Under  the  conditions  which  obtained  in  Mr.  West’s  experiments, 
the  addition  of  ten  days  to  the  reproducing  season  would  have  more 
than  doubled  the  theoretical  product.  This  serves  to  explain  why  the 
scale  is  so  much  more  abundant  and  destructive  in  the  southern  part 
of  the  state  than  in  the  northern,  and  why  it  increases  so  much  more: 
rapidly  in  some  seasons  than  in  others. 
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The  continuous  multiplication  of  the  insect  is  greatly  checked, 
however,  in  our  latitude  by  the  fact  that  when  cold  weather  overtakes 
it,  nearly  97  per  cent  of  the  total  product  is  still  immature  and  must 
pass  the  hazards  of  winter  before  its  multiplication  can  begin.  Our 
computation  of  the  relative  numbers  of  males  and  females  was  based 
on  averages  determined  from  the  first  representatives  of  each  genera- 
tion. Males  predominate  in  the  early  part  of  the  season,  and  it  is 
quite  certain  that  they  also  predominate  in  the  latter  part,  especially  in 
view  of  Marlatt’s  statement  that  in  the  hibernating  group  “The  male 
scales  are  normally  vastly  in  excess  of  the  females,  often  representing 
95  or  more  per  cent.”*  On  this  basis,  out  of  31,777,142  immature, 
according  to  my  computation,  at  the  close  of  the  season,  only  1,588,857 
would  have  been  females;  and  these  must  pass  the  winter  successfully 
before  becoming  capable  of  further  increase. 

Food  Plants 

The  San  Jose  scale  is  known  to  infest  about  a hundred  and  fifty 
kinds  of  trees  and  shrubs.  On  some  it  multiplies  rapidly  and  causes 
serious  injury;  on  others  it  rarely  becomes  abundant  enough  to  be 
dangerously  injurious;  and  on  still  others  it  can  not  permanently  main- 
tain itself. 

The  following  are  some  of  the  more  important  kinds  of  trees  and 
shrubs  which  are  likely  to  be  seriously  injured;  apple,  peach,  pear, 
plum,  and  sweet  cherry,  with  their  nearly  related  wild  and  ornamental 
species ; currant,  dogwood,  Japan  quince,  June-berry,  lilac,  hawthorn, 
European  purple-leaved  beech,  flowering  almond,  rose,  snowberry, 
buckthorn,  young  poplar,  young  elm,  willow,  mountain-ash,  linden,  and 
Osage  orange. 

The  following  become  infested  when  surrounded  by  badly  in- 
fested trees,  but  are  rarely  seriously  injured : sour  cherry,  Kiefifer 
pear,  blackberry,  raspberry,  dewberry,  mulberry,  grape,  maple,  chest- 
nut, horse-chestnut,  birch,  catalpa,  ash,  locust,  walnut,  Virginia  creeper, 
Deutzia,  Spiraea,  persimmon,  Althea,  globe-flower,  California  privet, 
honeysuckle,  sumac,  smoke-tree,  and  Wisteria. 

The  following  seem  to  be  exempt  from  attack:  redbud,  yellow- 
wood,  Kentucky  coffee-tree,  hickory,  butternut,  sweet  gum,  tulip,  iron- 
wood,  buttonwood,  oak,  Ailanthus,  pawpaw,  barberry,  Mahonia,  trum- 
pet-vine, sweet-scented  shrub,  bittersweet,  button-bush,  filbert,  hazel- 
nut, weigela,  huckleberry,  witch-hazel,  English  ivy,  hydrangea,  gold- 
flower,  matrimony-vine,  mock-orange,  and  evergreens. 


♦Bull.  62,  Bur.  Ent.,  U.  S.  Dept.  Agr..  p.  43. 
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The  statement  is  frequently  made  that  the  forests  are  full  of 
the  scale,  but  this  is  a mistake.  It  will  be  seen  from  the  above  lists 
that  many  forest  trees  are  not  liable  to  attack,  and  few  of  those  that 
are  so,  will  support  the  scale  in  any  considerable  numbers.  Our  native 
dogwoods  are  apparently  less  subject  to  infestation  than  some  of  the 
imported  species.  Wild  crab-apple  and  hawthorn  and  a few  of  the 
other  more  or  less  susceptible  trees  and  shrubs  are  likely  to  become 
infested  when  growing  near  orchards,  and  it  is  possible  that  in  some 
localities  these  susceptible  species  are  harboring  the  scale  in  forests. 

Osage  orange  hedges  are  very  apt  to  become  heavily  infested  and 
form  great  highways  for  the  dispersal  of  the  scale.  They  should  there- 
fore be  grubbed  out  or  kept  trimmed  so  low  that  they  may  be  thoroly 
sprayed. 

Means  of  Distribution 

By  Birds,  Squirrels,  Insects,  Wind,  etc. — It  is  only  while  in  the 
crawling  stage,  during  the  first  few  hours  of  its  life,  that  the  San 
Jose  scale  can  be  transferred  from  one  food  plant  to  another,  because 
as  soon  as  it  begins  to  feed  it  becomes  fixed  to  the  bark  for  the  rest 
of  its  life.  In  most  cases  the  young  do  not  travel  more  than  a few 
inches  from  the  place  of  their  birth;  and  one  part  of  a tree  may  con- 
sequently become  heavily  infested  while  another  part  is  comparatively 
clear.  The  larvae  can  not  pass  from  tree  to  tree  unaided  unless  the 
twigs  touch  or  the  trees  stand  very  close  together,  as  in  the  nursery 
row;  but  they  may  be  carried  to  neighboring  trees  by  a variety  of 
agencies,  the  principal  of  which  are  birds,  squirrels,  insects,  men,  do- 
mestic animals,  and  the  wind.  They  may  also  be  carried  on  fruit  or 
on  cuttings  from  trees.  In  this  way  they  pass  from  tree  to  tree  and 
from  orchard  to  orchard.  In  communities  where  orchards  are  close 
together,  the  scale  may  spread  from  a single  center  over  a very  large 
area  in  the  course  of  a few  years.  In  towns,  also,  it  gradually  extends 
its  range  until  all  premises  become  infested. 

The  rate  at  which  it  spreads  depends,  of  course,  upon  the  num- 
ber of  crawling  young.  When  nothing  is  done  to  keep  them  down, 
they  become  very  numerous,  and  every  bird  or  insect  that  flies  from 
a tree  so  infested  may  carry  some  of  them  with  it,  and  drop  them, 
perhaps,  many  rods,  or  even  miles,  away.  But  when  the  number  of 
young  is  kept  down  by  proper  treatment,  their  dissemination  is  corre- 
spondingly slow.  In  farming  communities  where  the  orchards  are 
small  and  half  a mile  or  more  apart,  there  is  little  danger  that  the  scale 
will  be  carried  from  one  to  another  if  hedges  are  removed  or  cared 
for  and  if  proper  methods  of  control  are  used. 
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On  Nursery  Stock. — In  the  dormant  state,  the  San  Jose  scale  may 
be  carried  to  any  distance  on  nursery  stock,  cuttings,  and  scions.  It  is 
thus  that  it  was  transported  from  its  original  home  in  China  to  the 
shores  of  California,  and  thence  to  all  the  principal  fruit-growing  sec- 
tions of  the  United  States. 

Means  of  Control 

Natural  Checks. — Several  natural  agencies  very  materially  check 
the  multiplication  of  the  San  Jose  scale,  but  it  multiplies  so  rapidly 
that  its  numbers  increase  greatly  notwithstanding.  The  chief  of  these 
checks  are  climatic  conditions,  predaceous  and  parasitic  insects,  and 
fungous  diseases. 

Under  adverse  climatic  conditions  may  be  included  winds,  rains, 
and  extremes  of  heat  and  cold.  Blustering  winds  and  dashing  rains 
sweep  many  of  the  crawling  young  from  the  bark.  Not  infrequently 
more  of  them  may  be  found  on  the  ground  under  badly  infested  trees 
than  on  the  trees  themselves,  and  very  few  of  these  ever  get  back  to 
the  tree  on  find  other  food  plants.  The  scale  does  not  thrive  in  those 
parts  of  our  country  where  the  summers  are  long  and  excessively  hot 
and  dry;  and  it  has  failed  to  establish  itself  in  some  of  the  northern 
states,  where  the  winters  are  long  and  severe.  In  a few  instances  a 
very  heavy  mortality,  resulting  from  these  unfavorable  conditions, 
has  been  noticed  in  Illinois.  In  St.  Clair  county  in  the  spring  of  1902, 
from  21  to  69  per  cent  of  the  scales  which  might  have  been  expected 
to  live  were  found  to  be  dead.  This  loss  was  attributed  to  the  hot, 
dry  weather  of  the  preceding  summer,  when  temperatures  reached 
109°  F.  in  the  shade.  Again,  in  the  spring  of  1911,  counts  of  dead  and 
living  scales  made  from  different  parts  of  Illinois  showed  that  from  45 
to  98  per  cent  of  the  hibernating  insects  were  dead — a mortality  due, 
for  the  most  part,  to  the  severity  of  the  preceding  winter,  during 
which  temperatures  of  — 24°  F.  were  reached  at  various  places  in  the 
state.  Such  extremes,  however,  are  so  rare  in  Illinois  that  the  San 
Jose  scale  ordinarily  suffers  little  from  such  causes. 

Several  lady-beetles  and  their  larvae  feed  on  the  San  Jose  scale; 
a number  of  hymenopterous  insects  parasitize  it ; and  it  is  also  attacked 
by  fungous  diseases.  These  natural  enemies  have  controlled  it  very 
effectively  in  a few  regions,  but  only  where  climatic  conditions  are 
favorable  to  their  rapid  and  continuous  multiplication,  as  in  Florida  and 
California.  In  Illinois,  and  in  nearly  all  the  interior  states,  the  cli- 
mate is  adverse  for  so  much  of  the  time  that  little  assistance  can  be 
expected  from  these  natural  enemies. 
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In  some  of  the  eastern  states,  however,  hymenopterous  parasites 
of  the  San  Jose  scale  have  been  notably  more  abundant  during  the  last 
two  or  three  years  than  formerly,  and  in  some  localities  the  percentage 
of  parasitism  has  been  very  high.  (See  PI.  IV.)  Apparently 
however,  this  high  percentage  has  not  remained  permanent.  In  some 
localities,  at  least,  where  parasites  were  very  abundant  for  one  year, 
scarcely  any  could  be  found  the  next,  tho  the  scale  itself  continued  to 
be  destructively  numerous.  We  may  confidently  expect,  however,  that 
as  the  number  of  species  of  parasites  which  attack  it  increases,  and  as 
they  become  better  adapted  to  it  as  a host,  they  will  prove  more  and 
more  effective;  and  they  may  indeed  come  to  control  it  in  time  as 
thoroly  as  they  now  control  our  native  species. 

To  learn  whether  the  eastern  parasites  of  the  scale  are  present 
in  Illinois,  twigs  bearing  it  were  collected  in  the  fall  of  1913  from 
thirty  localities  in  central  and  southern  Illinois,  and  kept  in  breeding- 
cages.  From  about  half  of  them  no  parasites  were  secured;  from  the 
other  half  a small  number  were  obtained,  all  of  one  species  ( Aphelinus 
fuscipennis) . 

This  is  one  of  the  species  found  in  the  East,  but  it  is  not  the  most 
abundant  there ; and  an  attempt  has  been  made  this  season  to  introduce 
parasites  from  the  eastern  states  into  Illinois.  This  has  been  at  least 
partially  successful,  but  only  enough  scales  thus  parasitized  have  been 
found  to  show  that  the  transfer  was  actually  made. 

From  San  Jose  scales  collected  in  northern  Illinois  last  fall  (1914), 
large  numbers  of  parasites  emerged,  examples  of  which  were  identified 
by  Dr.  L.  O.  Howard  as  belonging  to  the  following  species : Perissop- 
tems  pulchellus  How.,  Aphelinus  diaspidis  How.,  Micropterys  sp., 
SignipJiora  nigrita  Ashm.,  Prospaltella  aurantii  How.,  and  Prospaltella 
perniciosi  Tower.  This  list  includes  all  the  more  important  species 
found  in  the  East.  The  first  three  were  not  plentiful  enough  to  be  im- 
portant, but  the  last  three  were  abundant,  and  may  be  of  practical 
use  if  we  can  secure  a more  uniform  distribution  of  them  thruout  the 
state.  For  the  present,  however,  spraying  is  our  only  means  of  defense. 

Preventive  Measures. — To  prevent  the  dissemination  of  the  San 
Jose  scale  by  way  of  the  nursery  trade,  all  states  now  require  an  inspec- 
tion of  nursery  stock,  and  prohibit  the  shipment  of  such  stock  unless 
accompanied  by  an  inspection  certificate.  All  Illinois  nurseries  are 
inspected  each  year;  and  those  which ^re  at  all  likely  to  be  infested 
by  the  San  Jose  scale  are  inspected  at  least  twice  annually.  All  nursery 
stock  found  infested  in  them  is  immediately  destroyed,  and  all  stock 
which,  on  account  of  its  proximity  to  infested  trees  and  shrubs,  is  at 
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all  likely  to  be  infested  at  the  time,  or  to  become  infested  before  the 
end  of  the  nursery  season,  is  fumigated  with  hydrocyanic  acid  gas 
before  it  is  sent  out  from  the  nursery.  By  these  precautions  the  dan- 
ger of  distributing  the  scale  on  nursery  stock  is  reduced  to  a mini- 
mum, but  they  nevertheless  do  not  afford  complete  protection  because 
the  scale  is  so  inconspicuous  that  the  most  careful  inspector  will  some- 
times overlook  it.  The  buyer  should  consequently  inspect  carefully  all 
trees  and  shrubs  purchased,  and,  as  an  additional  safeguard,  should 
either  fumigate  them  with  hydrocyanic  acid  gas  or  dip  them  in,  or  spray 
them  with,  a solution  of  lime  and  sulphur — to  be  described  later — 
before  setting  them  out. 

In  parts  of  the  country  where  the  San  Jose  scale  is  prevalent, 
nursery  grounds  should  be  placed  half  a mile  or  more  from  orchards 
or  other  trees  which  may  harbor  the  scale.  Even  a quarter  of  a mile 
will  afford  much  protection,  if  not  absolute  security  to  the  nursery 
stock,  especially  if  near-by  orchards  are  properly  treated  annually. 
The  common  practice  of  growing  nursery  trees  on  vacant  city  lots  or 
close  to  infested  orchards  should  be  discontinued.  Whenever  trees, 
shrubs,  or  hedges  in  or  near  growing  nursery  stock  are  found  to  be 
infested  with  the  San  Jose  scale  they  should  be  at  once  removed. 

This  insect  is  very  often  brought  into  nurseries  on  scions  taken 
from  infested  trees;  and  these  should  not  be  used  if  it  can  be  avoided. 
If  used,  they  should  be  very  carefully  inspected,  the  infested  sticks 
should  be  discarded,  and  all  the  rest  fumigated ; and  as  a further  pre- 
caution, the  stock  should  be  thoroly  sprayed  in  spring  while  still  dor- 
mant. 

To  guard  against  an  introduction  of  the  scale  from  infested  nur- 
series, nurserymen  should  be  very  careful  to  buy  only  from  firms  which 
have  the  reputation  of  handling  clean  stock ; and  as  an  extra  precau- 
tion stock  bought  elsewhere  should  be  fumigated,  unless  the  buyer  is 
sure  that  it  is  clean. 

To  avoid  trouble  with  the  San  Jose  scale  in  cities  and  towns,  only 
trees  and  shrubs  that  are  not  subject  to  its  attack  should  be  chosen 
for  lawns  and  parks.  A yard  or  park  containing  only  trees  and  shrubs 
of  the  second  and  third  lists  given  above  will  seldom,  if  ever,  suffer 
any  serious  injury  from  the  San  Jose  scale. 

Artificial  Means  of  Control. — The  most  effective  way  to  destroy 
the  scale  is  to  grub  out  the  tree  or  shrub  which  it  infests  or  to  cut  it  off 
three  or  four  inches  below  the  surface  of  the  ground.  If  the  infested 
plant  is  not  cut  off  low  enough,  some  scales  will  probably  be  left  on  the 
stump,  and  from  these,  shoots  which  grow  up  around  the  stump  will 
become  infested. 
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If  the  scale  is  discovered  in  any  locality  before  it  has  spread  to  any 
considerable  extent,  it  can  usually  be  eradicated  by  grubbing  out  ail 
trees  found  to  be  infested,  and  by  spraying  thoroly  all  others  in  the 
vicinity;  but  if  it  has  had  time  to  spread  to  a number  of  trees,  its 
eradication  will  in  many  cases  be  impracticable.  Even  then,  however, 
it  may  be  controlled  by  spraying  annually  with  one  of  the  solutions 
described  below. 

Spraying  for  this  scale  should  be  done  when  the  trees  are  dormant, 
for  solutions  strong  enough  to  kill  the  insect  after  it  has  formed  its 
protecting  scale  will  seriously  injure  the  foliage  and  the  tender  growth 
of  many  trees.  Spring  treatment  is  most  effective;  fall  treatment  is 
only  slightly  less  so;  but  midwinter  spraying  should  be  avoided,  and 
spraying  operations  suspended  whenever  the  temperature  in  the  shade 
approaches  freezing.  When  the  leaf-buds  swell  and  begin  to  show 
plainly  the  green  within,  the  season  is  over  for  spraying  and  it  should 
generally  be  stopped.  If,  however,  the  infestation  is  bad,  and  injury 
by  the  scale  threatens  to  be  serious,  it  may  be  advisable  to  spray  even 
at  the  risk  of  some  injury  to  foliage. 

Summer  spraying  for  the  San  Jose  scale  is  not  practicable  so  far 
as  destroying  the  scale  that  is  already  on  the  tree  is  concerned;  for, 
owing  to  the  weakness  of  the  spray  that  must  be  used,  only  the  very 
young  insects  can  be  killed  at  best,  and  since  these  are  appearing  con- 
tinually thruout  the  season,  spraying,  to  be  effective,  would  have  to 
be  repeated  every  two  or  three  days.  Summer  spraying,  however,  with 
the  lime-sulphur  is  no  doubt  of  much  value,  since  its  presence  on  the 
bark  prevents  newly  hatched  young  from  setting. 

The  Lime-Sulphur  Wash 

The  “California  wash,”  of  lime,  sulphur,  and  salt,  and  the  “Oregon 
wash,”  of  fime,  sulphur,  and  blue  vitrol,  were  used  successfully  against 
the  San  Jose  scale  on  the  Pacific  coast  for  several  years  before  they 
came  into  use  in  the  central  and  eastern  states.  They  had  been  tried 
in  the  Atlantic  States,  but  with  so  little  promise  of  success  that  their 
use  was  almost  abandoned  until  in  1902  it  was  demonstrated  by  Mr. 
E.  S.  G.  Titus,  working  under  the  direction  of  Dr.  Forbes,  that  the 
lime-sulphur  washes  were  even  more  effective  than  the  other  washes 
in  general  use.  Since  then,  the  results  obtained  by  Dr.  Forbes  have 
been  verified  by  workers  in  all  the  states,  and  the  lime-sulphur  wash  is 
now  the  standard  insecticide  for  the  San  Jose  scale.  The  formula  has 
undergone  some  change,  however,  neither  the  salt  nor  the  blue  vitriol 
being  now  used. 
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A lime-sulphur  solution  of  the  proper  strength  will  kill  all  scales 
with  which  it  comes  in  contact,  and  it  is  also  a useful  fungicide.  It 
may  be  purchased  ready-made,  or  one  may  prepare  it  himself  by  simply 
boiling  the  ingredients  together  until  they  are  dissolved.  It  is  applied 
with  an  ordinary  spray  pump  such  as  is  commonly  used  in  orchard 
work.  These  facts  bring  the  San  Jose  scale  within  the  control  of  the 
owner  of  infested  premises,  and  make  it,  in  fact,  one  of  the  most 
easily  managed  of  the  serious  insect  pests  of  horticulture. 

Directions  for  Making. — The  mixture  may  be  boiled  either  over 
a fire  or  with  a steam  cooker.  For  boiling  over  a fire,  two  iron  kettles 
are  necessary,  one  with  a capacity  of  at  least  fifty  gallons  for  making 
the  solution,  and  another,  which  may  be  smaller,  for  keeping  a supply 
of  warm  water  at  hand.  Cold  water  is  also  needed  when  the  mixture 
threatens  to  boil  over.  If  a steam  cooker  is  available,  the  solution  may 
be  made  in  a fifty-gallon  barrel.  Smaller  vessels  may  be  used  for 
preparing  smaller  quantities  of  the  solution. 

To  make  forty  gallons  of  a concentrated  solution,  provide  thirty 
pounds  of  the  best  stone-lime  procurable,*  sixty  pounds  of  either  flour 
or  flowers  of  sulphurf,  and  water  enough  to  make  forty  gallons  when 
boiling  is  finished.  First  mix  the  sulphur  with  water  to  make  a thick 
batter,  beating  well  to  break  up  all  lumps.  If  the  sulphur  is  lumpy 
when  dry,  it  should  first  be  rubbed  thru  a wire  sieve.  Put  about  ten 
gallons  of  warm  water  in  the  cooking  vessel,  start  the  fire  under  it, 
and  add  the  sulphur  and  the  lime.  Stir  constantly,  adding  warm  water, 
if  necessary,  as  the  lime  slakes,  to  keep  it  from  burning.  After  the 
lime  is  completely  slaked  add  enough  water  to  make  forty  gallons, 
and  boil  gently,  keeping  it  well  stirred,  from  forty  to  sixty  minutes, 
or  until  the  lime  and  sulphur  are  practically  all  dissolved.  Add  a little 
warm  water  occasionally,  to  keep  the  amount  up  to  forty  gallons. 
To  make  the  wash  on  a large  scale,  more  elaborate  equipment  will  be 
needed,  but  the  process  to  be  followed  will  be  the  same. 

After  the  boiling  is  done,  the  solution  may  be  used  at  once,  or  it 
may  be  kept  indefinitely  in  air-tight  barrels.  It  should  not  be  stored 
where  it  will  freeze. 

For  spraying  dormant  trees,  use  one  gallon  of  the  above  solution 
to  four  gallons  of  water.  Stir  the  solution  thoroly,  and  pour  it  into 


fMany  use  finely  ground  brimstone.  It  is  cheaper  than  either  the  flour  or 
the  flowers  of  sulphur,  but  does  not  enter  into  solution  quite  so  readily. 

♦Forty  pounds  of  steam  hydrated  lime  may  be  substituted  for  thirty 
pounds  of  stone-lime. 


the  spray-tank  or  barrel  thru  a strainer,  to  take  out  particles  that  would 
clog  the  nozzles. 

Commercial  Solutions. — Solutions  of  lime-sulphur,  which  may  be 
purchased  from  retail  dealers  or  from  the  manufacturers  ready  for  use 
after  dilution  with  eight  parts  of  water,  may  be  substituted  for  the 
home-made  preparation  described  above. 

The  commercial  solutions  cost  about  seven  dollars  a barrel.  A 
barrel  contains  about  fifty  gallons  and  when  diluted  will  make  four 
hundred  and  fifty  gallons  of  spray,  making  the  cost  about  one  and  a 
half  cents  per  gallon.  The  concentrated  solution  is  also^put  up  in  smal- 
ler packages  at  somewhat  higher  cost;  in  gallon  lots  at  fifty  cents  a 
gallon.  The  materials  for  the  home-made  solution,  when  bought  at 
wholesale,  cost  about  one  cent  a gallon  for  the  dilute  spray  ready  to 
apply. 

The  Miscible  Oils 

The  so-called  miscible  oils  are  made  of  crude  petroleum  so  treated 
as  to  remove  some  of  the  deleterious  products  and  to  cause  it  to  mix 
readily  with  water.  They  are  very  effective  scale-destroyers;  some- 
times, on  account  of  their  better  penetrating  qualities,  a little  more 
effective  than  the  lime-sulphur  on  trees  that  are  heavily  incrusted 
with  the  scale.  They  have  the  further  advantage  that  they  are  less 
disagreeable  to  handle  than  the  lime-sulphur  solution.  They  are  more 
expensive,  however,  and  if  applied  too  freely,  may  cause  serious  injury 
to  the  tree.  They  may  be  purchased  in  fifty-gallon-barrel  lots,  freight 
prepaid,  at  $25  a barrel.  In  smaller  lots  they  may  come  a little  higher. 
They  should  be  diluted  with  fifteen  parts  of  water.  One  barrel  will 
thus  make  eight  hundred  gallons  of  spray,  costing  about  three  cents  a 
gallon.  They  are  applied  the  same  way  as  the  lime-sulphur. 

Apparatus  and  Equipment 

When  the  lime-sulphur  wash  is  cooked  by  steam,  no  kettles  are 
necessary,  as  the  cooking  of  the  mixture  may  be  done  in  fifty-gallon 
barrels,  or  in  tanks  if  large  quantities  are  to  be  made.  Portable  steam- 
cookers  are  now  made  for  such  purposes.  Those  used  for  cooking 
stock-food  will  serve  to  cook  the  sulphur  wash.  Steam  cookers  are 
not  essential,  however,  and  for  ordinary  orchard  work  the  kettle  and 
the  open  fire  are  just  as  good,  altho  less  convenient. 

The  solution  should  be  strained  as  it  is  poured  into  the  spray- 
tank.  Strainers  are  made  for  the  purpose  from  brass,  to  prevent  cor- 
rosion by  the  liquid.  If  such  a strainer  is  not  at  hand,  burlap  may  be 
used  instead. 


Either  bucket  or  knapsack  pumps  may  be  sufficient  where  only  a 
few  small  trees  or  shrubs  are  to  be  sprayed.  For  very  extensive  or- 
chard treatment,  however,  power-sprayer  outfits  are  necessary ; but  the 
small  fruit-grower  may  best  use  a good  hand-power  pump,  fitted 
securely  to  a barrel  or  tank.  For  the  lime-sulphur  washes  these  pumps 
should  have  no  copper  about  them,  but  the  working  parts  should  be 
made  of  brass,  and  should  be  easily  accessible  and  easily  replaced  if 
broken.  All  valves  must  be  of  brass,  and  ground  to  fit  perfectly.  Each 
pump  should  have  an  agitator  with  both  vertical  and  horizontal  move- 
ment. Jet  agitators  are  not  satisfactory  with  any  kind  of  hand-power 
pumps.  Have  each  pump  fitted  with  a cut-ofif  cock  for  each  line  of 
hose  used.  Twenty-five  to  thirty-five  feet  of  best  black  four  to  five- 
ply  half-inch  hose  are  needed  for  a hand  outfit,  or  seven-ply  hose  for 
a power  outfit.  Extension  poles  are  necessary.  Bamboo  poles  with  iron 
or  brass  lining,  eight  to  twelve  feet  long,  fitted  with  good  cut-ofif  valves 
at  their  base,  will  be  found  the  best.  Nozzles  of  the  double  Vermorel 
or  of  the  Friend  type  are  very  satisfactory  with  these  sprays.  The 
latter  is  the  better  of  the  two,  since  it  has  no  projections  to  catch  on 
the  branches.  A good  hand-pump  with  fittings  complete,  as  just  de- 
scribed, will  cost  from  $18  to  $25,  according  to  the  size  of  the  pump 
and  the  number  of  accessories. 

Miscellaneous  Directions 

Very  large  trees,  and  those  with  brushy  tops,  should  be  pruned 
before  spraying;  and  thickets  of  plum,  peach,  and  the  like,  along 
fences  and  beside  roads,  should  be  cut  out  and  destroyed.  It  is  better 
that  all  infested  Osage  orange  hedges  be  destroyed,  as  the  scale  breeds 
as  freely  on  this  plant  as  on  any  orchard  tree,  and  it  is  difficult  to 
spray  such  a hedge  effectively.  Trees  so  heavily  infested  as  to  be 
practically  worthless  should  be  dug  up  and  burned,  since  it  will  not 
pay  to  spray  them.  Even  tho  the  scale  insects  may  be  killed,  their  in- 
juries will  usually  be  fatal  to  the  trees. 

Any  premises  which  have  once  been  infested  by  the  San  Jose 
scale  should  be  carefully  examined  from  time  to  time,  especially  late 
in  fall,  no  matter  how  thoroly  and  effectively  they  may  have  been 
treated;  and  so  long  as  living  scales  can  be  detected,  the  infested  trees 
should  receive  an  annual  treatment,  care  being  taken  to  extend  the 
treatment  far  enough  to  include  adjacent  trees  to  which  the  insect  may 
possibly  have  spread. 

Concerted  action  by  all  the  people  of  an  infested  district  is  very 
important,  since  unless  all  act  together  an  orchard  virtually  freed  from 
the  scale  will  gradually  become  reinfested  from  adjacent  premises. 
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It  is  true  that  even  under  the  most  unfavorable  circumstances  each 
fruit-grower  may  protect  his  trees  from  injury  by  careful  observation 
and  methodical  work,  but  by  no  amount  of  care  and  work  can  he  pre- 
vent his  fruit  from  being  spotted  by  scales  carried  to  it  by  birds  and 
insects  from  near-by  infested  trees. 

Do  not  spray  against  paint.  When  trees  to  be  sprayed  stand  near 
painted  buildings,  these  should  be  protected  by  a canvas  while  spraying 
is  being  done.  It  is  well  to  blanket  horses  used  in  the  spraying  opera- 
tions, when  a lime-sulphur  solution  is  used.  Persons  preparing  or  ap- 
plying the  lime-sulphur  spray  should  avoid  getting  it  on  the  bare  hands 
or  face,  as  it  is  very  caustic.  Leaky  hose  should  be  repaired  at  once. 
See  that  all  barrels  and  all  apparatus  are  thoroly  cleaned  before  using 
the  mixture  in  them,  otherwise  the  nozzles  are  likely  to  clog.  Thoroly 
clean  kettles,  hose,  barrels,  pumps,  nozzles,  and  all  spraying  apparatus 
when  the  work  is  over  for  the  season. 

Thoroly  coat  the  trees,  being  careful  to  cover  the  smaller  twigs 
and  branches  and  to  get  the  mixture  in  all  the  forks  and  crevices.  Spray 
every  part  of  each  tree  from  two  sides.  If  a heavy  rain  follows  soon 
after  spraying,  the  treatment  should  be  repeated. 
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HOW  NOT  TO  TREAT  ILLINOIS  SOILS1 


By  Cyril  G.  Hopkins,  Chief  in  Agronomy  and  Chemistry 

That  the  soil  responds  generally  and  generously  to  good  treatment 
is  common  knowledge,  and  that  bad  treatment  of  the  soil  leads  ulti- 
mately to  impoverishment,  land  ruin,  and  farm  abandonment  is  like- 
wise an  established  fact. 


Abandoned  Farms 

The  United  States  Bureau  of  Census  reports  a decrease  in  the 
area  of  improved  farm  land  during  the  last  census  decade  (1900  to 
1910)  of  224,747  acres  in  Old  Virginia,  161,585  acres  likewise  agri- 
culturally abandoned  in  Maryland,  173,706  acres  in  New  Jersey,  535,- 
664  acres  in  Pennsylvania,  755,947  acres  in  New  York,  and  879,499 
acres  in  New  England. 

The  aggregate  area  of  improved  farm  land  agriculturally  aban- 
doned in  New  England,  New  York,  New  Jersey,  and  Pennsylvania 
from  1880  to  1910  was  9,809,834  acres.  The  area  of  improved  farm 
land  which  has  thus  been  abandoned  during  the  last  generation  in 
New  England  and  three  Middle  Atlantic  states  exceeds  the  total  land 
area  of  both  Maryland  and  Delaware ; it  is  more  than  twice  the  area 
of  New  Jersey;  it  is  greater  than  the  combined  area  of  Massachusetts, 
Rhode  Island,  and  Connecticut;  and  more  than  one-third  the  total 
area  of  improved  farm  land  in  Illinois. 

It  is  said  that  a school  boy,  when  asked  to  describe  the  ant,  an- 
swered that  the  ant  is  not  like  the  elephant ; and  so,  if  I am  to  tell 
how  not  to  treat  Illnois  soils,  I feel  like  saying,  not  like  the  soils  of 
our  Eastern  states  have  been  treated.  Show  me  productive  land,  and 
I will  show  a prosperous  people;  and  conversely,  an  impoverished 
soil  produces  inevitable  poverty  among  the  masses,  including  not  only 
the  farmers  but  all  industrial  people  whose  business  depends  upon 
farm  products. 

During  the  last  census  decade,  the  area  of  improved  farm  land  in 
Illinois  increased  by  349,104  acres;  but  we  are  approaching  the  limit 
of  the  total  possible  acreage  of  land  to  be  cropped  in  this  state,  and 
any  future  increase  in  Illinois  crops  must  be  largely  along  the  line 

*Address  before  the  Illinois  State  Farmers  ’ Institute  at  Harrisburg,  Feb- 
ruary 23,  1915. 
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of  soil  improvement  and  bigger  acre-yields.  Soil  improvement  re- 
quires investment ; and  unless  the  farm  yields  an  income  above  the 
living  and  other  fixed  expenses,  the  average  farmer  has  no  money  to 
invest  in  soil  improvement. 

Cause  of  Land  Abandonment 

The  two  primary  causes  for  the  decrease  in  productive  power  and 
the  final  agricultural  abandonment  of  vast  areas  of  farm  lands  in  our 
older  states  are  lack  of  knowledge  and  lack  of  profit  in  farming  as 
compared  with  industrial  and  commercial  enterprises.  To  be  sure, 
many  have  become  wealthy  by  holding  title  to  farm  lands  while  they 
increased  rapidly  in  value,  even  while  they  may  have  received  as  farm- 
ers only  a living  and  fixed  expenses,  with  perhaps  smaller  wages  for 
themselves  than  they  paid  their  hired  help.  Of  course  even  3 percent 
interest  on  the  value  of  160  acres  of  $200  land,  received  free  from 
the  government  three  generations  ago,  may  enable  the  present  owner 
to  accumulate  enough  in  a few  years  to  buy  an  automobile,  tho  his 
own  labor  income  may  be  less  than  a dollar  a day ; but  this  does  not 
justify  the  conclusion  that  farming  itself  is  a highly  profitable  busi- 
ness. 

From  1890  to  1910  the  population  of  Illinois  increased  from  3,826,- 
352  to  5,638,529,  but  the  towns  and  cities  received  more  than  100  per- 
cent of  the  total  increase;  while  the  real  country  population  living 
outside  of  all  cities,  towns,  and  villages  decreased  from  1,630,960  to 
1,486,160.  Thus,  owing  chiefly  to  the  growth  of  cities  during  the 
twenty  years,  the  country  population  decreased  from  42.6  percent  to 
26.4  percent  of  the  total  population  of  Illinois ; and  I repeat  that  this 
decrease  of  country  population  is  largely  due-  to  lack  of  knowledge 
and  lack  of  profit  in  farming  as  compared  with  industrial  and  com- 
mercial enterprises. 

Southern  Illinois  Lands 

Even  the  central  Illinois  farmer  who  has  had  only  the  privilege  of 
helping  to  wear  out  rich  land  may  not  understand  the  problem,  nor 
appreciate  the  difficulty  and  expense  of  building  up  poor  land,  nor 
realize  the  possibilities  of  changing  the  value  of  southern  Illinois  land 
from  $40  to  $200  an  acre  by  the  application  of  knowledge  and  the  in- 
vestment of  moderate  capital  in  soil  improvement. 

It  so  happens  that  I have  been  in  forty-eight  different  states,  usu- 
ally upon  invitation  to  secure  or  to  impart  some  information  concern- 
ing soils,  soil  problems,  and  rational  methods  of  soil  improvement.  I 
have  at  least  had  opportunity  to  acquire  a somewhat  definite  knowl- 
edge of  many  soils  in  many  states.  During  the  past  year  I carefully 
examined  many  large  areas  of  land,  some  of  which  have  been  almost 
constantly  on  the  market  for  about  two  centuries;  while  some  others 
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had  been  farmed  for  two  centuries  and  then  agriculturally  aban- 
doned; and  others  are  still  being  farmed  and  their  owners  are  seek- 
ing for  information  as  to  how  to  improve  them. 

Now  I feel  that  it  is  your  right  and  my  duty  that  I should  state 
to  the  people  here  from  northern  and  central  Illinois,  as  well  as  to 
those  from  this  end  of  the  state,  that  in  my  judgment  there  is  no  bet- 
ter opportunity  in  American  agriculture  for  the  investment  of  money 
and  mind,  of  science  and  sense,  of  brain  and  brawn,  than  in  the  farm 
lands  of  southern  Illinois ; and  I should  add  that  there  are  few  better 
opportunities  in  the  United  States  to  lose  money  in  agricultural  in- 
vestments than  in  the  attempt  to  profit  from  continuing  to  wear  out 
these  same  lands. 

If  you  are  thinking  of  buying  a southern  Illinois  farm  and  are  ex- 
pecting to  make  money  out  of  it  merely  by  cropping  with  good  rota- 
tion and  cultivation,  then  you  are  planning  for  your  own  failure.  I 
realize,  of  course,  that  there  are  northern  farmers  sufficiently  ignorant 
of  southern  Illinois,  or  sufficiently  rich  in  their  own  conceit,  to  think 
that  if  they  could  only  put  their  hand  to  the  plow  they  would  make 
the  southern  Illinois  prairie  produce  the  same  bountiful  crops  as  the 
black  corn-belt  land  produces. 

I know  a landowner  of  central  Illinois  who  bought  a section  of 
the  common  level  upland  in  a county  not  far  from  Saline ; and  he 
imparted  the  secret  that  the  only  farm  difficulty  in  southern  Illinois 
was  that  the  soil  was  1 1 water-logged,  ’ ’ and  that  all  it  needed  to  make 
it  the  equal  of  the  $200  corn-belt  land  was  tile-drainage.  The  fact 
that  southern  Illinois  lands  had  been  settled  from  the  beginning  by 
intelligent  white  people,  many  of  whom  had  tried  tile-drainage,  at 
least  in  a small  way,  and  had  derived  little  or  no  benefit  from  it  on 
the  common  upland,  made  no  difference  in  the  opinion  of  this  man; 
and  he  took  but  little  interest  in  the  fact  that  long-continued  careful 
investigations  conducted  by  the  State  University  on  experiment  fields 
in  several  counties  of  southern  Illinois  had  not  yet  shown  sufficient 
benefit  from  tile-drainage  on  the  most  common  upland  soil  to  pay 
interest  on  the  money  invested  in  the  tiling. 

A good  corn-belt  farmer  once  said  to  me  that  all  the  southern  Illi- 
nois land  needs  is  to  grow  clover,  and  thus,  as  he  expressed  it,  “get 
the  yellow  color  out  of  the  soil.”  Another  northern  man  who  held 
the  same  opinion  bought  a farm  of  common  upland  in  southern  Illi- 
nois, and  actually  seeded  clover  and  lost  it  for  twelve  successive  years 
before  he  became  convinced  that  he  had  something  to  learn  about 
growing  clover  in  this  end  of  the  state. 

Common  Commercial  Fertilizers 

If  you  are  trying  to  enrich  your  soil  by  applying  100  to  200 
pounds  per  acre  of  ordinary  commercial  fertilizer,  then  I would  re- 
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mind  you  that  you  may  deceive  yourself,  for  a time,  but  you  cannot 
deceive  the  soil.  Don’t  try  to  teach  a cow  how  to  produce  milk  on 
quarter  rations ; she  may  die  before  she  learns  the  secret. 

A boy  found  a drunkard  lying  on  the  sidewalk,  and  he  called  thru 
the  saloon  door  to  the  barkeeper  that  his  sign  had  fallen  down.  Thru 
lack  of  fundamental  knowledge,  the  general  farmer  of  the  East  has 
been  led  to  depend  upon  mixed  commercial  fertilizers,  and  ten  million 
acres  once  classed  as  improved  farm  land  but  now  agriculturally  aban- 
doned represent  the  sign  for  Illinois  farmers  to  look  upon  before 
adopting  the  fertilizer  system  now  so  extensively  advertised  in  the 
Middle  West.  The  commercial  fertilizer  interests,  especially  Eastern 
fertilizer  manufacturers,  after  having  sucked  the  life-blood  out  of 
Eastern  agriculture,  now  seek  new  worlds  to  conquer,  attracted  by  the 
agricultural  earnings  of  the  corn  belt. 

Fertilizers  and  Crops  in  New  England 

The  fertilizer  advocates  boast  that  New  England  produces  larger 
acre-yields  of  certain  cereal  crops,  such  as  corn  and  wheat,  than  are 
produced  in  Illinois ; but  they  ignore  the  fact  *that  44.8  percent  of 
what  was  improved  farm  land  thirty  years  ago  has  been  agricul- 
turally abandoned  in  New  England  under  the  fertilizer  system.  The 
fact  is  that  the  area  devoted  to  cereal  crops  in  New  England  de- 
creased from  746,128  acres  to  only  468,617  acres  during  the  last  thirty 
years.  If  the  production  of  cereal  crops  with  commercial  fertilizers 
is  profitable  in  New  England,  then  why  has  New  England  reduced  her 
area  of  cereals  to  less  than  half  a million  acres  and  agriculturally 
abandoned  5,893,562  acres  of  improved  farm  land?  If  wheat  can  be 
grown  with  profit  by  use  of  mixed  fertilizers  in  New  England,  then 
why  has  the  New  England  wheat  acreage  decreased  from  79,003  acres 
to  only  4,893  acres  in  thirty  years? 

In  New  England  the  area  of  abandoned  land  is  more  than  twelve 
times  the  acreage  of  all  cereal  crops  grown.  Why  does  not  the  Boston 
fertilizer  manufacturer  restore  these  abandoned  lands  and  thus  multi- 
ply the  cereal  production  in  New  England  by  twelve,  instead  of  per- 
mitting this  enormous  shrinkage  at  his  own  door  while  he  sends  broad- 
cast into  the  Middle  West  misleading  advertising  and  thousands  of 
copies  of  letters  to  agricultural  editors,  to  farmers’  institute  lectur- 
ers, to  agricultural  college  teachers,  to  experiment  station  workers, 
to  county  agricultural  advisers,  and  others,  in  the  endeavor  to  secure 
their  influence  to  persuade  our  farmers  to  use  these  same  fertilizers  in 
general  farming? 

Listen, — the  decrease  in  area  of  improved  farm  land  in  New  Eng- 
land since  1880  is  equal  in  acreage  to  the  ten  largest  counties  in  Illi- 
nois ; but  listen, — there  are  five  counties  in  Illinois  any  one  of  which 
produces  more  bushels  of  cereal  crops  than  the  combined  total  cereals 


of  the  six  New  England  states.  These  facts  are  from  the  latest  re- 
ports of  the  United  States  Bureau  of  Census. 

The  truth  is  that  the  corn  and  wheat  of  New  England  are  com- 
monly grown  in  small  patches  in  market  gardens  or  in  feed  lots  con- 
nected with  commercial  dairies.  The  1910  census  reports  186,958  as 
the  total  acreage  of  corn  and  wheat  in  New  England,  while  388,841 
acres  were  used  for  vegetables,  including  potatoes.  In  other  words, 
the  market-garden  crops  occupied  twice  as  much  land  as  corn  and 
wheat,  which  are  grown  more  or  less  after  potatoes  or  other  vegetables 
in  order  to  provide  a rotation  of  crops.  The  vegetable  crops  have,  of 
course,  high  acre-values,  and  mixed  fertilizers  are  used  with  profit  for 
such  crops ; and  furthermore,  such  use  of  commercial  fertilizers  is  and 
always  has  been  approved  and  recommended  by  this  station  and  by 
practically  everybody,  wherever  the  supply  of  farm  manure  is  limited. 

But  to  teach  that  mixed  fertilizers  should  be  used  for  the  growing 
of  corn  in  Illinois  because  of  the  acre-yields  produced  on  highly  fer- 
tilized market-garden  land  when  corn  happens  to  be  used  in  the  rota- 
tion, in  part  to  give  opportunity  to  clean  the  land  of  weeds  by  thoro 
cultivation  of  the  corn,  is  an  attempt  to  deceive  and  mislead  the  Illi- 
nois corn  grower ; and  I repeat  that  in  general  farming  we  should  not 
treat  Illinois  soils  as  most  of  the  soils  have  been  treated  in  the  older 
Eastern  states. 

Fertilizer  Experience  and  Experiments 

Just  now  the  “Try-a-Bag”  propaganda  is  under  way,  and  strenu- 
ous efforts  are  being  made  by  the  fertilizer  interests  to  get  the  corn- 
belt  farmers  at  least  to  “try  a bag.”  This  calls  to  mind  that  we  are 
commonly  urged  to  “try  a package”  of  patent  stockfood,  and  to  “try 
a bottle”  of  patent  medicine;  and  it  all  reminds  us  that  experience  is 
a dear  teacher.  Many  trials  of  mixed  commercial  fertilizers  have  al- 
ready been  made  in  the  Middle  West  states.  Thus,  the  Indiana  Agri- 
cultural Experiment  Station  conducted  seventy-three  cooperative 
trials  with  such  fertilizers,  extending  into  thirty-eight  different  coun- 
ties in  that  state.  The  average  result  shows  13  cents  as  the  farmer’s 
profit  from  each  dollar  paid  for  mixed  complete  fertilizers;  and  of 
course  the  soil  grows  poorer,  because  the  crops  harvested  removed 
much  more  plant  food  than  the  fertilizers  supplied. 

The  Ohio  Experiment  Station  has  for  many  years  conducted  fer- 
tilizer experiments  at  Wooster  with  a five-year  rotation  of  corn,  oats, 
wheat,  clover,  and  timothy,  five  different  fields  or  series  of  plots  being 
nsed,  so  that  every  crop  might  be  represented  every  year.  As  an  aver- 
age of  eighteen  years’  work,  an  investment  of  $3.96  per  acre  per  an- 
num in  complete  fertilizers  paid  a net  profit  of  $2.61, — and  these  re- 
sults have  been  widely  advertised  and  their  application  strongly  urged 
upon  the  farmers  of  the  corn  belt  by  the  National  Fertilizer  Associa- 
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tion ; whereas,  in  the  same  series  of  Ohio  experiments,  52  cents  an  acre 
a year  invested  in  phosphorus  alone  paid  a net  profit  of  $2.79, — and 
this  result,  even  tho  reported  on  the  same  page  of  the  same  Ohio  pub- 
lication,1 was  carefully  ignored  by  the  fertilizer  advertisers.  Why 
spend  $3.96  for  complete  fertilizer  when  52  cents  worth  of  phosphorus 
brings  greater  net  profits  per  acre  ? 

In  the  Breeder’s  Gazette  of  January  21,  1915,  the  “Try-a-Bag” 
propaganda  of  the  manufacturers  of  mixed  commercial  fertilizers  is 
discussed,  and  the  following  conclusions  are  there  presented: 

“We  urge  no  man  who  has  not  satisfied  himself  as  to  commercial  fertilizers 
to  spend  a large  sum  of  money  in  their  purchase  this  spring  or  at  any  other 
time;  but  the  ‘ Try-a-Bag * proposal  of  the  manufacturers  can  not  be  fairly 
criticised.  Their  proposition  to  ‘put  in  a dollar  and  take  out  three 1 can  be 
tried  out  at  trifling  cost.  They  propose  to  make  the  way  easy  this  spring 
for  all  who  wish  to  give  these  goods  a trial.  A bag  or  two  can  do  no  harm, 
and  may  lead  somebody  into  more  profitable  ways.  It  looks  like  an  experiment 
well  worth,  while. f* 

This  is  very  plausible  and  very  falacious  doctrine.  Many  farm- 
ers once  tried  land-plaster  as  a fertilizer.  It  produced  sufficient  in- 
crease to  more  than  pay  the  cost,  and  so  they  continued  to  use  it  until 
they  discovered  after  ten  or  twenty  years  that  what  they  had  counted 
as  profit  was  really  drawn  from  their  own  capital.  Their  increased 
yields  had  been  made  by  robbing  their  own  soil  by  means  of  a stimu- 
lant. 

At  the  famous  Bothamsted  Experiment  Station,  Lawes  and  Gil- 
bert demonstrated  more  than  fifty  years  ago  that  sodium  salt  had 
power  to  increase  the  yield  of  wheat  by  5 bushels  per  acre.  Here, 
too,  the  effect  is  not  at  all  to  enrich  the  soil,  but  to  produce  larger 
crops  temporarily  by  more  rapid  soil  depletion;  for  sodium  does  not 
feed  the  crop,  but  only  forces  the  soil. 

In  1902  the  University  of  Illinois  began  a series  of  field  experi- 
ments in  McLean  county  on  the  common  corn-belt  prairie  land,  whose 
chemical  analysis  showed  less  than  1200  pounds  of  phosphorus  and 
more  than  35,000  pounds  of  potassium  in  the  plowed  soil  of  an  acre. 
The  first  year  phosphorus  alone  produced  6.8  bushels  increase  in  the 
corn  crop,  while  phosphorus  and  potassium  together  gave  15.4  bush- 
els increase.  Thus  the  actual  field  trial  showed  the  ‘ 1 bone  and  potash” 
mixture  to  be  more  than  twice  as  effective  as  phosphorus  alone,  and 
except  for  the  chemical  analysis,  these  results  would  deceive  the  ex- 
perimenter as  well  as  the  farmer.  During  the  first  ten  years,  however, 
phosphorus  increased  the  value  of  crops  grown  on  this  field  by  $76.50 
per  acre,  while  potash  applied  at  the  same  expense  produced  a total 
increase  of  only  86  cents,  its  effect  having  sometimes  been  detrimental 
after  the  earlier  stimulating  action.  Thus,  results  in  continued  farm- 

Klhio  Agr.  Exp.  Sta.  Circ.  120.  For  further  discussion  see  Illinois  Experi- 
ment Station  Circular  165. 
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ing  by  rational  methods  soon  showed  that  the  first  year’s  trial  was 
very  misleading ; and,  as  already  explained,  the  farmer  can  easily  de- 
ceive himself  for  some  years  if  he  depends  upon  his  own  trial  of  some- 
body’s  fertilizer.  A hundred  other  trustworthy  investigations  could 
be  cited  to  show  the  danger  of  putting  into  use  what  may  seem  to  be 
a good  fertilizer  from  the  “try-a-bag”  farmers’  experiment. 

Value  of  Principles  in  Practice 

As  a principle,  it  is  best  to  diagnose  the  case  before  trying  a rem- 
edy. There  are  medicines  that  seem  to  do  good  for  a time,  but  as  an 
“ after  effect”  they  leave  the  patient  worse  instead  of  better,  the  tem- 
porary strength  being  secured  at  the  expense  of  his  own  vitality.  I 
beg  to  suggest  also  another  principle  that  deserves  consideration; 
namely,  that  it  is  not  sufficient  merely  to  prove  that  an  investment  is 
profitable.  As  already  stated,  the  farmer’s  funds  for  investment  in 
soil  improvement  are  usually  limited ; and  he  should  be  satisfied  that 
the  investment  is  not  only  profitable  but  that  it  is  the  most  profitable, 
and  that  it  does  not  impair  but  protects  his  capital,  which  means  the 
permanent  productive  power  of  his  land. 

The  Illinois  Experiment  Station  has  analyzed  many  thousands  of 
soil  samples  collected  from  all  of  the  more  extensive  soil  types  in  the 
state  by  men  of  special  training  in  this  work;  and  forty  experiment 
fields  are  being  conducted  in  various  parts  of  the  state.  Thousands 
of  the  most  progressive  farmers  of  Illinois  are  already  applying  the 
definite  information  thus  secured  in  the  practical  and  permanent  im- 
provement of  their  soils.  In  other  words,  they  are  placing  their  farm 
practice  upon  a truly  practical  scientific  basis,  with  a satisfying  knowl- 
edge of  the  facts  and  the  principles  involved. 

In  the  older  eastern  states  the  “try-a-bag”  system  has  largely 
prevailed  for  forty  years;  and  ten  million  acres  of  agriculturally 
abandoned  land  in  ten  states  certainly  does  not  indicate  that  the  “try- 
a-bag”  plan  is  likely  to  solve  the  soil  problems  of  the  corn  belt. 

In  the  Middle  West,  not  only  in  Illinois,  but  also  in  Wisconsin 
and  in  many  other  states,  especially  those  west  of  the  Mississippi, 
both  the  farmers  and  the  agricultural  press  are  rightly  depending 
upon  their  experiment  stations — their  own  public-service  institu- 
tions— to  investigate  the  needs  of  the  soil,  in  order  that  agricultural 
practice  may  be  established  upon  a permanent  and  practical  basis; 
and  because  of  the  positive  information  already  secured  with  regard 
to  the  normal  soils  of  the  Middle  West,  the  Breeder’s  Gazette  and 
other  leading  farm  journals  consistently  advocate  the  use  of  ground 
limestone,  phosphorus,  legume  crops,  and  farm  manure,  with  under- 
drainage where  practicable. 

The  common  so-called  “complete”  commercial  fertilizers  contain 
a small  amount  of  each  of  the  three  elements,  nitrogen,  phosphorus, 
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and  potassium,  sometimes  incorrectly  reported  as  ammonia,  “phos- 
phoric acid,”  and  potash.  Two  hundred  pounds  of  such  a fertilizer 
applied  to  an  acre  at  a cost  of  $2  to  $3  would  furnish  less  than  4 
pounds  of  nitrogen,  8 pounds  of  phosphorus,  and  4 pounds  of  potas- 
sium; whereas  a 50-bushel  crop  of  corn  would  remove  from  the  soil 
75  pounds  of  nitrogen,  12  pounds  of  phosphorus,  and  36  pounds  of 
potassium.  A farm  system  based  upon  such  practice  must  lead  ulti- 
mately to  the  impoverishment  of  the  soil. 

Long-Time  Fertilizer  Experiments 

Attempts  to  produce  the  ordinary  farm  crops  by  supplying  com- 
mercial nitrogen,  phosphorus,  and  potassium  in  approximately  the 
proportions  required  by  the  crops,  have  resulted  in  distinct  loss  for 
nitrogen  and  potassium  but  with  large  profit  for  phosphorus  on  soils 
of  normal  composition. 

Thus  the  Ohio  and  Pennsylvania  Experiment  Stations  have  re- 
ported long-continued  investigations  with  the  use  of  these  different 
elements,  singly  and  in  combination. 

Let  us  consider  in  some  detail  the  Ohio  experiments,  which  have 
now  covered  twenty  years  at  Wooster  and  nineteen  years  at  Strongs- 
ville, as  shown  in  the  latest  published  report,  Ohio  Experiment  Sta- 
tion Circular  No.  144,  dated  April,  1914. 

In  this  circular  (pages  79  and  97)  Director  Thorne  reports  that, 
as  an  average  of  twenty  years  at  Wooster,  $2.60  invested  in  phos- 
phorus paid  the  cost  and  a net  profit  of  $13.92  in  increased  yields  of 
corn,  oats,  wheat,  clover,  and  timothy;  while,  as  an  average  of  nine- 
teen years  at  Strongsville,  $2.60  invested  in  phosphorus  paid  its  cost 
and  a net  profit  of  $14.88.  Thus,  $2.60  in  phosphorus  has  returned  a 
net  profit  of  $14.40,  as  a general  average  of  these  long-time  experi- 
ments on  two  Ohio  Experiment  Station  farms  selected  and  operated 
for  many  years  for  the  benefit  of  Ohio  agriculture. 

On  the  same  pages,  Director  Thorne  reports  that  $14.40  invested 
in  nitrogen  (applied  in  addition  to  the  phosphorus)  paid  42  cents 
above  its  cost  at  Wooster  and  $10.40  less  than  its  cost  at  Strongsville, 
making  an  average  net  loss  of  $4.99. 

Again,  Director  Thorne  reports  on  these  same  pages  that  $6.50  in- 
vested in  potash  (applied  in  addition  to  the  phosphorus  and  nitrogen) 
paid  $1.44  above  its  cost  at  Wooster  and  $4.27  less  than  its  cost  at 
Strongsville,  making  an  average  net  loss  of  $1.41. 

As  a general  average  of  these  Ohio  data,  for  each  dollar  invested 
in  the  respective  elements,  phosphorus  paid  back  $6.54,  nitrogen  (in 
addition  to  phosphorus)  paid  back  65  cents,  and  potassium  (applied 
in  addition  to  both  phosphorus  and  nitrogen)  paid  back  78  cents. 
Each  of  these  figures  represents  the  gross  returns  for  a dollar  in- 
vested, and  each  is  based  upon  the  average  results  from  nearly  two 
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hundred  harvested  crops.  The  35  percent  loss  for  nitrogen  and  22 
percent  for  potassium  represent  average  net  losses. 

I have  seen  no  recent  detailed  report  of  the  long-continued  Penn- 
sylvania experiments  at  State  College,  but  I do  have  the  complete 
data  for  the  twenty-four  years  from  1885  to  1908.  If  we  follow  one 
method  used  by  the  Pennsylvania  Station  in  computing  the  increase, — 
the  same  method  as  is  used  by  Director  Thorne  of  Ohio,  as  well  as  by 
myself, — and  count  12  cents  a pound  for  phosphorus  (about  5 cents 
for  so-called  “phosphoric  acid”),  6 cents  a pound  for  potassium 
(about  5 cents  for  potash),  and  15  cents  a pound  for  nitrogen  (about 
12  cents-  for  ammonia)  ; and  then  value  the  crops,  standing  in  the 
field  ready  for  harvest,  at  50  cents  a bushel  for  corn,  43  cents  for 
oats,  $1  for  wheat,  and  $8.60  a ton  for  hay  (mixed  clover  and  tim- 
othy), we  find,  as  an  average  of  96  crop  yields  (each  of  the  above- 
named  crops  in  a four-year  rotation  for  twenty-four  years),  that,  for 
every  dollar  invested  in  the  respective  elements,  phosphorus  paid  back 
$3.44,  nitrogen  (in  addition  to  phosphorus)  paid  back  $1.01,  and 
potassium  (applied  in  addition  to  both  phosphorus  and  nitrogen) 
paid  back  6 cents  (average  of  Plots  9 and  17). 

Thus,  as  a general  average  of  these  results  from  two  states,  we 
have  a gross  return  of  83  cents  for  nitrogen  and  42  cents  for  potas- 
sium for  each  dollar  spent  for  these  elements  under  the  conditions 
specified,  while  each  dollar  spent  for  phosphorus  paid  back  $4.99. 

On  page  91  of  Ohio  Circular  144,  Director  Thorne  reports  results 
from  soil  experiments  at  Wooster  covering  seventeen  years  with  a 
three-year  rotation  of  corn,  wheat,  and  clover  (excluding  the  corn 
crop  of  1909).  He  shows  that  80  pounds  of  acid  phosphate,  80  pounds 
of  muriate  of  potash,  and  160  pounds  of  nitrate  of  soda,  costing  $7.45, 
paid  back  $10.71  gross ; but  that  when  the  phosphorus  was  increased 
and  the  potassium  and  nitrogen  reduced,  by  the  use  of  80  pounds  of 
acid  phosphate,  10  pounds  of  muriate  of  potash,  and  100  pounds  of 
7-30  tankage,  the  cost  was  reduced  to  $2.30,  but  the  gross  returns 
were  increased  to  $11.21.  Whether  the  crop  returns  would  have  been 
rendered  still  more  profitable  by  further  increasing  the  phosphorus 
and  by  eliminating  the  remaining  4 pounds  of  potassium  and  6 pounds 
of  nitrogen  per  acre  (applied  once  in  three  years)  is  not  fully  estab- 
lished ; but  Director  Thorne  reports  that  $2.24  invested  in  320  pounds 
of  acid  phosphate,  applied  in  addition  to  farm  manure  in  this  same 
series  of  experiments,  produced  an  average  increase  of  $15.04,  and  that 
the  same  amount  of  acid  phosphate  when  used  by  itself  in  the  five-year- 
rotation  experiments  at  Wooster  increased  the  crop  value  by  $16.52. 

These  are  not  my  computations,  but  those  of  the  Ohio  Experiment 
Station,  as  may  easily  be  verified.  They  are  surely  convincing  as  to 
the  value  of  phosphorus,  but  they  afford  no  such  support  for  the  con- 
tention that  at  least  a little  nitrogen  and  a little  potash  should  be 
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purchased  and  applied  with  the  phosphorus  for  the  production  of 
staple  farm  crops  on  the  normal  soils  of  Pennsylvania,  Ohio,  and  the 
Middle  West. 

While  there  are  some  trials,  as  mentioned  above,  in  which  nitrogen 
and  potash  seem  to  have  paid  their  cost  and  some  interest  on  the  in- 
vestment, yet  when  full  consideration  is  given  to  these  long-time  ex- 
periments at  State  College,  Wooster,  and  Strongsville,  they  clearly 
do  not  show  the  greatest  profit  when  commercial  nitrogen  and  potash 
are  included  in  the  fertilizer. 

Thus,  on  Plot  11  at  Wooster  $20.90  spent  for  nitrogen  and  potash 
paid  back  $1.86  above  the  original  cost  for  the  five-year  rotation,  but 
6 percent  interest  on  $20.90  for  half  of  five  years  would  amount  to 
$3.13.  Moreover,  for  sixteen  years  Plot  27  received  the  same  com- 
plete fertilizer  as  Plot  11,  unless  we  count  that  acid  phosphate  made 
from  bone  black  (used  on  Plot  27)  is  essentially  different  from  that 
made  from  rock  phosphate.  As  an  average  of  the  sixteen  years,  the  net 
profits  reported  by  Director  Thorne  in  Ohio  Circular  104  were  $13.88 
from  $2.60  in  phosphorus  alone,  $15.83  from  $23.50  in  complete  fer- 
tilizer on  Plot  11,  and  $10.34  from  $23.50  in  the  complete  fertilizer 
on  Plot  27 ; thus  giving  an  average  net  profit  of  $13.09  from  $23.50 
in  the  complete  fertilizer,  compared  with  a net  profit  of  $13.88  from 
$2.60  in  phosphorus  alone. 

Of  course  we  must  not  draw  conclusions  from  Plot  11  and  ignore 
Plot  27  in  the  same  series  of  experiments,  nor  should  we  emphasize 
results  from  Wooster  and  ignore  those  from  Strongsville,  all  reported 
by  Director  Thorne  in  the  same  publication  (Ohio  Circular  144). 

Rational  Soil  Improvement 

On  abnormal  soils,  such  as  the  peaty  swamp  lands  of  the  North 
Central  states  and  the  sandy  soils  of  the  Atlantic  and  Gulf  Coastal 
Plains,  potassium  should  be  regularly  supplied  in  systems  of  soil  im- 
provement. In  Illinois  a very  large  part  of  the  commercial  potassium 
used  is  for  the  improvement  of  peaty  swamp  lands,  following  the  con- 
clusive information  secured  by  the  Illinois  Experiment  Station  dur- 
ing the  past  dozen  years.  (See  Bulletin  157.) 

The  facts  are  that  the  air  contains  an  inexhaustible  supply  of 
nitrogen,  and  the  normal  soil  contains  an  inexhaustible  supply  of 
potassium, — from  25,000  to  50,000  pounds  in  the  plowed  soil  of  an 
acre  of  the  common  soils  of  Illinois,  the  only  exceptions  found  being 
the  peaty  swamp  lands  and  some  limited  areas  of  residual  sand.  Thus 
the  problem  with  nitrogen  is  to  get  it  from  the  air  by  means  of  legume 
crops ; and  the  problem  with  potassium  is  to  liberate  it  as  needed  from 
the  soil  by  means  of  decaying  organic  matter,  such  as  crop  residues 
and  farm  manure. 

As  a rule,  limestone  must  be  purchased  and  applied,  because  most 
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Illinois  soils  are  acid,  or  sour,  and  the  most  valuable  legume  crops  will 
not  thrive  on  sour  soils.  As  a common  rule,  also,  Illinois  soils  are 
poor  in  phosphorus;  and  hence  most  upland  soil  should  be  liberally 
enriched  in  phosphorus,  altho  this  is  not  necessary  on  the  rolling  hill 
lands  where  sufficient  erosion  is  sure  to  occur  so  that  the  subsoil  re- 
news the  surface  supply. 

Thus  the  golden  tripod  for  the  man  who  farms  with  both  head  and 
hand,  on  normal  soil,  is  not  the  commercial  nitrogen,  “phosphoric 
acid,  ’ ’ and  potash,  of  the  fertilizer  sack,  but  ground  natural  limestone, 
legume  crops  grown  upon  the  farm,  and  some  form  of  phosphorus,  the 
fine-ground  natural  rock  phosphate  probably  being  most  practical  in 
permanent  economic  systems.  Kainit  is  sometimes  helpful  at  least  tem- 
porarily, but  it  is  not  essential  and  is  not  likely  to  be  profitable  when 
sufficient  limestone  and  organic  matter  are  provided. 

Soil  Experiments  in  Southern  Illinois 

I wish  now  to  call  attention  to  the  complete  data  thus  far  secured 
from  the  soil  experiment  fields  which  have  been  conducted  by  the 
University  of  Illinois  for  the  past  five  years  at  Ewing,  Franklin 
county,  on  the  ordinary  prairie  land,  and  at  Raleigh,  Saline  county, 
on  the  common  upland  timber  soil  of  southern  Illinois. 

It  should  be  kept  in  mind  in  connection  with  these  results,  first, 
that  the  wheat  crop  of  1912  was  commonly  a failure  in  this  state,  and 
that  the  drouths  of  1913  and  1914  were  perhaps  the  most  severe  ever 
known  in  two  consecutive  years  in  southern  Illinois ; and  second,  that 
even  slight  variations  in  the  topography,  drainage,  and  quality  of 
land,  combined  with  possible  irregular  injuries  from  rodents,  insects, 
plant  diseases,  et  cetera,  may  produce  local  or  temporary  differences 
in  crop  yields,  and  hence  that  no  conclusions  should  be  drawn  from 
field  experiments  until  the  results  are  fully  verified. 

At  the  beginning  of  these  experiments,  ground  limestone  (L)  was 
applied  at  the  rate  of  5 tons  per  acre  at  Ewing  and  6 tons  per  acre  at 
Raleigh,  but  the  regular  subsequent  applications  will  be  2 tons  per 
acre  every  four  years,  beginning  in  1915  at  Ewing  and  in  1917  at 
Raleigh. 

Rock  phosphate  (P)  was  applied  at  rates  varying  from  500  to  2000 
pounds  per  acre  on  the  different  series  at  the  beginning,  with  subse- 
quent applications  of  2000  pounds  every  four  years,  altho  this  may 
ultimately  be  reduced  to  one-fourth  of  this  amount. 

The  kainit  (K)  was  applied  at  the  beginning  at  rates  varying  from 
200  to  800  pounds  per  acre  on  the  different  series,  with  subsequent 
applications  of  800  pounds  every  four  years. 

Farm  manure  (M)  has  been  applied,  beginning  for  1911,  in  such 
amounts  as  could  be  produced  from  the  crops  grown  the  previous  sea- 
son. 
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The  crop  residues  (R)  returned  to  certain  plots  consist  of  corn 
stalks,  the  straw  of  wheat  and  oats,  and  of  cowpeas  or  soybeans,  all 
clover  except  the  seed,  and  some  cover  crops. 

The  limestone  to  some  extent,  and  the  phosphate  to  a large  extent, 
should  be  considered  as  additions  to  the  cost  or  value  of  the  land. 
Thus,  6 tons  of  limestone  costing  $12  spread  on  the  land  and  1 ton  of 
phosphate  costing  $8  would  add  $20  an  acre  to  the  cost  of  the  land. 
To  pay  interest  on  these  investments  and  on  the  additional  applica- 
tions for  maintenance  would  require  per  acre  per  annum  about  $1.25 
for  limestone  and  $1  for  phosphate,  while  the  annual  expense  for  200 
pounds  of  kainit  at  $15  per  ton  would  amount  to  $1.50  per  acre;  or, 
as  the  annual  expense  for  the  four  crops  (1  acre  each)  we  may  count 
$5  for  limestone,  $4  for  phosphate,  and  $6  for  kainit,  understanding 
that  these  amounts  will  vary  with  freight  rates,  with  the  distance  of 
the  farm  from  the  railway  station,  and  with  changes  in  prices. 

In  the  tabular  statements  presented  (Tables  1 to  10),  the  prices 
allowed  for  the  increase  produced  are  70  cents  and  $1  a bushel  for 
wheat,  35  and  50  cents  for  corn,  28  and  40  cents  for  oats,  70  cents 
and  $1  for  cowpeas  or  soybeans,  $7  and  $10  for  clover  seed,  and  $7 
and  $10  a ton  for  hay.  Of  course  the  lower  values  are  very  conserva- 
tive prices,  and  perhaps  they  are  too  low — some  would  advise  that 
they  be  doubled ; but  it  should  be  stated  that  they  are  prices  for  crops 
standing  in  the  field  before  harvest,  and  that  higher  prices  would  have 
to  be  secured  to  pay  for  harvesting,  stacking,  baling,  threshing,  stor- 
ing, and  marketing,  and  for  possible  losses.  The  treatment  applied  to 
the  soil  does  not  deliver  the  increased  produce  at  the  market,  but  only 
ready  for  the  harvest.  The  double  system  of  computing  values  is  used 
to  emphasize  the  influence  that  may  be  exerted  upon  farm  practice  by 
the  prices  received  for  farm  produce. 

The  ten  tabular  statements  show  all  the  yields  secured  during  the 
five  years,  and  give  the  financial  results  of  twenty  trials  with  lime- 
stone, twenty  with  phosphate,  and  ten  with  kainit,  each  trial  repre- 
senting a season’s  record  with  four  crops. 

On  the  basis  of  the  lower  values  named,  the  limestone  failed  to  pay 
its  annual  cost  the  first  year  in  the  residue  system  and  during  the 
first  two  seasons  in  the  live-stock  system  of  farming,  on  the  field  at 
Ewing ; but  in  the  other  seventeen  trials  it  always  paid  a profit ; and, 
as  an  average  of  the  twenty  trials,  limestone  estimated  to  cost  $5  a 
year  has  returned  $12.69  in  the  increased  yield  of  four  crops.  Or,  if 
we  count  $2  a ton  as  the  cost  of  the  limestone  spread  on  the  land,  then 
the  average  initial  expense  for  Ewing  and  Raleigh  is  $11  per  acre, 
while  the  return  for  the  first  five  years  is  $15.86, — and  it  is  safe  to 
say  that  half  the  value  of  the  limestone  still  remains  in  the  soil  for 
the  benefit  of  future  crops. 

In  only  three  cases  out  of  twenty  has  the  phosphate  paid  its  esti- 
mated annual  cost  of  $4  for  four  acres,  but  the  average  annual  re- 
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turn  of  $1.03  for  the  first  three  years  and  $2.54  for  the  last  two  are 
suggestive  of  progress.  These  results  only  confirm  those  of  many 
other  experiments,  which  have  led  me  always  to  counsel  against  the 
use  of  raw  phosphate  except  in  connection  with  plenty  of  decaying 
organic  matter.  The  Experiment  Station  constantly  advises  southern 
Illinois  farmers  first  to  make  liberal  use  of  limestone,  legume  crops, 
and  organic  manure,  even  tho  they  delay  the  addition  of  phosphorus 
for  several  years. 

In  three  cases  out  of  ten  the  kainit  has  paid  its  annual  cost  of  $6, 


Table  1. — Crop  Yields  in  Soil  Experiments,  Ewing  Field,  1910 
Gray  Silt  Loam  on  Tight  Clay  (Prairie  Soil) 

(Yields  per  acre) 


Series 

100 

200 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Wheat, 

Cowpeas, 

Oats, 

Corn, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

tons 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

10.4 

.89 

37.1 

30.8 

$34.68 

$49.54 

2 

14.2 

.97 

43.1 

35.1 

41.08 

58.69 

3 

*ML 

9.9 

1.05 

42.6 

36.4 

38.95 

55.64 

L 

-$2.13 

-$3.05 

4 

*MLP 

8.0 

1.19 

45.3 

40.4 

40.75 

58.22 

P 

1.80 

2.58 

5 

0 

6.8 

1.02 

32.8 

^3773" 

34.13 

48.77 

6 

*R 

8.6 

Turned 

37.8 

38.4 

30.04 

42.92 

7 

*RL 

8.5 

Turned 

39.2 

51.7 

35.02 

50.03 

L 

4.98 

7.11 

8 

*RLP 

10.7 

Turned 

35.6 

50.7 

35.20 

50.29 

1 P 

.18 

.26 

9 

*RLPK 

17.9 

Turned 

"3 

47.6 

39.47 

56.38 

IK 

4.27 

6.09 

10 

0 

9.7 

.87 

44.2 

43.6 

40.52 

57.88 

i 

*No  manure  or  crop  residues  for  1910. 


Table  2.—- Crop  Yields  in  Soil  Experiments,  Ewing  Field,  1911 
Gray  Silt  Loam  on  Tight  Clay  (Prairie  Soil) 

(Yields  per  acre) 


Series 

*100 

200 

300- 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Corn, 

Wheat, 

Cowpeas, 

Oats, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

bu. 

tons(bu.) 

bu. 

prices 

prices 

prices 

prices 

1 

0 

16.2 

10.7 

.25 

17.7 

$19.88 

$28.38 

2 

*M 

26.8 

12.8 

.23 

29.2 

28.12 

40.18 

M 

$3.71 

$5.30 

3 

*ML 

27.5 

17.3 

.34 

31.3 

32.88 

46.97 

L 

4.76 

-6.79 

4 

*MLP 

30.2 

23.8 

.38 

32.0 

38.85 

55.50 

P 

5.97 

8.53 

5 

0 

12.7 

11.9 

(1.6) 

23.9 

20.59 

29.41 

6 

R 

13.2 

9.9 

(1.2) 

21.8 

18.49 

26.42 

R 

-2.10 

-2.99 

7 

RL 

23.0 

20.5 

(2.4) 

42.7 

36.03 

51.48 

L 

17.54 

25.06 

8 

RLP 

20.8 

23.7 

(3.2) 

36.7 

36.39 

51.98 

P 

.36 

.50 

9 

RLPK 

26.0 

28.1 

(4.0) 

42.8 

43.55 

62.22 

K 

6.16 

10.24 

10 

0 

15.8 

12.0 

(1.3) 

23.' 9 

21.53 

30.76 

Manure  on  Series  100  only. 
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but  the  average  annual  return  of  $3.85  for  the  first  three  years  and  of 
$3.74  for  the  last  two  suggest  a decreasing  effect,  as  would  be  expected 
from  rational  systems  with  increasing  use  of  organic  manures  pro- 
duced upon  the  farm.  It  may  be  noted,  however,  that  the  effect  of 
kainit  shows  a decrease  only  on  the  timber  soil,  at  Raleigh,  while  at 
Ewing,  on  the  prairie  land,  kainit  has  paid  its  estimated  annual  cost 
and  still  shows  increasing  benefit. 

If  we  compute  the  value  of  the  increase  in  crops  at  the  present 
market  prices,  both  the  phosphate  and  the  kainit  would  show  profit 


Table  3. — Crop  Yields  in  Soil  Experiments,  Ewing  Field,  1912 
Gray  Silt  Loam  on  Tight  Clay  (Prairie  Soil) 

(Yields  per  acre) 


Series 

O 

o 

y“H 

* 

1 *200 

1 300 

400 



Value  of  four 
crops 

Value  for  each 
addition 

Plot 

' Treat- 

Oats, 

Corn, 

Wheat,  Cowpeas, 

Lower 

Higher 

Lower 

Higher 

No. 

1 ment 

bu. 

| bu. 

bu. 

tons 

prices 

prices 

prices 

prices 

1 

0 

12.0 

24.7 

1.8 

.76 

$18.59 

$26.55  i 

2 

*M 

19.1 

39.8 

2.3 

.66 

25.50 

36.44  1 

M 

$7.27 

$10.39 

3 

*ML 

28.3 

52.1 

4.9 

1.26 

38.40 

54.87 

L 

12.90 

18.43 

4 

*MLP 

34.4 

50.7 

3.0 

1.38 

39.13 

55.91 

P 

.73 

1.04 

5 

0 

14.4 

"30J~ 

.8 

.90 

21.63 

30.91  1 

6 

H 

16.4 

33.1 

.8 

Turned 

16.73 

23.91 

R 

-4.90 

-7.00 

7 

RL 

30.8 

48.3 

4.3 

Turned 

28.53  I 

I 40.77 

L 

11.80 

16.86 

8 

RLP 

33.4 

45.0 

3.2 

Turned 

27.34 

39.06 

P 

-1.19 

-1.71 

9 

RLPK 

37.2  1 

51.5 

4.3 

Turned 

31.45  ; 

: 44.93 

K 

4.11 

4.87 

10 

I 0 

11.4 

31.7 

, 2.8 

No  wt. 

16.24  ! 

1 23.21 

*Manure  on  Series  200  for  1912. 


Table  4. — Crop  Yields  in  Sotl  Experiments,  Ewing  Field,  1913 
Gray  Silt  Loam  on  Tight  Clay  (Prairie  Soil) 

(Yields  per  acre) 


Series 

( *100 

*200 

* 

w 

o 

o 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Clover, 

Oats, 

Corn, 

Wheat, 

Lower 

Higher 

1 

Lower 

Higher 

No. 

ment 

tons  ( bu.)\ 

bu. 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

.20 

1.7 

6.0 

.8 

$4.53 

1 $6.48 

2 

*M 

.24 

3.9 

10.3 

.8 

6.93 

9.91 

M 

$2.40 

$3.43 

3 

*ML 

.40 

7.3 

20.8 

11.8 

20.38 

29.12 

L 

13.45 

19.21 

4 

*MLP 

.81 

6.9 

23.9 

11.3 

23.88 

34.11 

P 

3.50 

4.99 

5 

0 

.19 

.6 

5.6 

.9 

4.09 

5.84 

6 

R 

(.00) 

2.5 

6.2 

1.1 

3.64 

5.20 

R 

- .45 

- .64 

7 

RL 

(.50) 

8.4 

22.5 

16.0 

24.92 

35.61 

L 

21.28 

30.41 

8 

RLP 

(1.08) 

9.2 

21.8 

14.9 

28.20 

40.28 

P 

3.28 

4.67 

9 

RLPK 

(.75) 

12.5 

26.8 

27.2 

37.17 

53.10 

K 

8.97 

12.82 

10 

0 

.31 

3.3 

6.1 

2.5 

6.98 

9.97 

Manure  on  Series  300  for  1913. 
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during  the  later  years  of  the  experiments,  but  this  would  require  the 
farmer  to  work  for  about  as  low  wages  in  the  improvement  of  his  soil 
as  he  usually  receives  in  the  practice  of  soil  depletion. 

As  an  average  of  both  fields  for  the  last  four  years,  the  value  of 
the  increase  from  four  acres  has  been  $3.84  from  farm  manure,  $14.41 
from  residues  and  limestone,  and  $17.52  from  manure  and  limestone. 
To  these  amounts  the  phosphate  has  added  $2  with  the  residues  and 
$1.81  with  the  manure.  The  kainit  (used  only  in  the  residue  system) 
has  made  a further  increase  of  $3.97. 


Table  5. — Crop  Yields  in  Soil  Experiments,  Ewing  Field,  1914 
Gray  Silt  Loam  on  Tight  Clay  (Prairie  Soil) 

(Yields  per  acre) 


Series 

100 

200 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Wheat, 

Soybeans, 

Oats, 

Corn, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

tons  (bu.) 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

1.7 

.27 

3.0 

4.3 

$5.42 

$7.7  5 

2 

M 

3.4 

.23 

3.4 

4.5 

6.51. 

9.31 

M 

$1.09 

$1.56 

3 

ML 

16.2 

.47 

5.6 

7.6 

18.86 

26.94 

L 

12.35 

17.63 

4 

MLP 

22.5 

.53 

6.4 

6.3 

23.46 

33.51 

P 

4.60 

6.57 

IT 

0 

.9 

(2.0) 

1.4 

3.5 

3.64 

5.21 

6 

R 

.8 

(2.3) 

3.3 

2.7 

4.03 

5.77 

R 

.39 

.56 

7 

RL 

12.8 

(4.0) 

5.9 

3.1 

14.50 

20.71 

L 

10.47 

14.94 

8 

RLP 

17.6 

(4.0) 

5.3 

3.6 

17.86 

25.52 

P 

3.36 

4.81 

~9~ 

RLPK 

25.8 

(4.2) 

6.6 

6.4 

25.09 

35.84 

K 

7.23 

10.32 

1Q 

0 

1.2 

(2.0) 

1.4 

2.7 

3.58 

5.11 

Table  6. — Crop  Yields  in  Soil  Experiments,  Raleigh  Field,  1910 
Yellow-gray  Silt  Loam  (Timber  Soil) 

(Yields  per  acre) 


Series 

100 

200 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Wheat, 

Cowpeas, 

Oats, 

Corn, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

tons 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

9.5 

.86 

18.1 

24.1 

$26.17 

$37.39 

2 

*M 

6.9 

.75 

17.3 

18.1 

21.26 

30.37 

3 

*ML 

9.8 

1.38 

26.8 

40.1 

38.06 

54.37 

L 

$16.80 

$24.00 

4 

*MLP 

11.6 

1.35 

26.0 

37.4 

37.94 

54.20 

P 

- .12 

- .17 

5 

0 

7.3 

.74 

15.0 

24.9 

23.20 

33.15 

6 

*R 

9.0 

Turned 

20.9 

31.1 

23.03 

32.91 

7 

*RL 

11.0 

Turned 

25.1 

42.8 

29.70 

42.44 

L 

6.67 

9.53 

8 

*RLP 

10.7 

Turned 

25.1 

44.5 

30.09 

42.99 

P 

.39 

.55 

9 

*RLPK 

12.7 

Turned 

29.3 

43.0 

32.14 

45.92 

K 

2.05 

2.93 

10 

0 

5.7 

1.09 

22.9 

26.8 

27.41 

39.16 

*No  manure  or  crop  residues  for  1910. 
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To  summarize  more  briefly,  the  average  annual  returns  of  the  last 
four  years  from  four  acres  with  crops  grown  in  rotation  on  untreated 
land  were  $15.19  (or  $21.70  with  the  higher  values) ; the  value  of  the 
increase  from  manure,  limestone,  and  phosphate  was  $19.33  (or 
$27.61)  ; while  $20.38  (or  $29.11)  was  the  value  of  the  increase  from 
the  residues,  limestone,  phosphate,  and  kainit,  altho  the  crop  residues 
alone  gave  insufficient  increase  to  balance  the  extra  crops  harvested 
from  the  check  plot.  (So  far  as  practical,  the  crop  residues  are  left 
on  the  land  so  as  to  avoid  hauling  them  off  and  back.) 


Table  7. — Crop  Yields  in  Soil  Experiments,  Ealeigh  Field,  1911 
Yellow-gray  Silt  Loam  (Timber  Soil) 

(Yields  per  acre) 


Series 

1 

*100 

200 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat-  I 

Corn, 

Wheat, 

Clover, 

Oats, 

Lower 

Higher 

Lower 

Higher 

No. 

ment  j 

bu. 

bu. 

tons 

bu. 

prices 

prices 

prices 

prices 

1 

0 

28.0 

12.1 

.44 

25.6 

$28.51 

$40.74 

2 

*M 

41.0 

12.7 

.43 

19.2 

31.62 

45.18 

M 

$4.55 

$6.50 

3 

*ML 

45.8 

17.5 

.61 

38.0 

43.19 

61.70 

L 

11.57 

16.52 

4 

*MLP 

46.7 

19.0 

.68 

35.5 

44.34 

63.35 

P 

1.15 

1.65 

5 

0 

24.9 

9.5 

.23 

18.4 

22.12 

31.61 

6 

E 

24.4 

12.3 

Turned 

24.1 

23.90 

34.14 

E 

1.78 

2.53 

7 

EL 

36.8 

19.9 

Turned 

38.6 

37.61 

53.74 

L 

13.71 

19.60 

8 

ELP 

31.1 

22.7 

Turned 

35.3 

36.66 

52.37 

P 

- .95 

-1.37 

9 

ELPK 

39.5 

22.8 

Turned 

32.8 

38.97 

55.67 

K 

2.31 

3.30 

10 

0 

17.8 

14.7 

No  wt. 

25.0 

23.52 

33.60 

*Manure  on  Series  100  only. 


Table  8. — Crop  Yields  in  Soil  Experiments,  Ealeigh  Field,  1912 
Yellow-gray  Silt  Loam  (Timber  Soil) 

(Yields  per  acre) 


Series 

*100 

o 

o 

<M 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Oats, 

Corn, 

Wheat, 

Cowpeas, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

bu. 

bu. 

tons 

prices 

prices 

prices 

prices 

1 

0 

11.9 

20.5 

3.4 

1.44 

$22.97 

$32.81 

2 

*M 

15.2 

36.5 

2.3 

1.05 

25.99 

37.13 

M 

$6.52 

$9.32 

3 

*ML 

23.4 

55.1 

7.1 

2.79 

50.33 

71.91 

L 

24.34 

34.78 

4 

*MLP 

22.7 

53.9 

7.8 

2.56 

48.60 

69.43 

P 

-1.73 

-2.48 

5 

0 

14.1 

20.4 

2.0 

.93 

19.00 

27.14 

6 

E 

12.8 

29.9 

2.8 

Turned 

16.00 

22.87 

E 

-3.00 

-4.27 

7 

EL 

20.9 

45.2 

7.4 

Turned 

26.85 

38.36 

L 

10.85 

15.49 

8 

ELP 

23.0 

55.1 

9.9 

Turned 

32.65 

46.65 

P 

5.80 

8.29 

9 

ELPK 

25.8 

56.5 

14.1 

Turned 

36.87 

52.67 

K 

4.22 

6.02 

10 

0 

8.1 

25.2 

4.7 

No  wt. 

14.38 

20.54 

*Manure  on  Series  200  for  1912. 


19 


These  are  the  results  from  1911  to  1914,  after  one  season’s  crops 
had  been  grown  to  enable  us  to  begin  the  application  of  manure  and 
the  turning  under  of  some  crop  residues ; and  it  should  be  clearly  un- 
derstood that  the  increasing  benefit  of  limestone  and  phosphate  is  in 
part  due  to  the  increasing  amounts  of  organic  matter  returned  to 
those  plots  as  compared  with  plots  receiving  residues  or  manure  alone. 
Of  course  we  may  reasonably  expect  better  results  during  the  second 
rotation  of  crops,  in  part  because  of  the  cumulative  effect  of  the  phos- 
phate and  organic  matter  and  in  part  because  the  seasonal  conditions 


Table  9. — Crop  Yields  in  Soil  Experiments,  Raleigh  Field,  1913 
Yellow-gray  Silt  Loam  (Timber  Soil) 

(Yields  per  acre) 


Series 

*100 

*200 

*300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Clover, 

Oats, 

Corn, 

Wheat, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

tons 

bu. 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

.22 

.6 

5.7 

6.2 

$8.04 

$11.49 

2 

*M 

.23 

2.0 

12.9 

4.2 

9.62 

13.75 

M 

$2.98 

$4.26 

3 

*ML 

.72 

3.1 

17.2 

20.7 

26.41 

37.74 

L 

16.79 

23.99 

4 

*MLP 

.68 

3.0 

17.1 

23.8 

28.24 

40.35 

P 

1.83 

2.61 

5 

0 

No  wt. 

1.7 

4.5 

6.4 

6.70 

9.58 

6 

R 

Turned 

2.0 

9.4 

8.5 

9.80 

14.00 

R 

3.10 

4.42 

7 

RL 

Turned 

4.4 

17.5 

29.8 

28.21 

40.31 

L 

18.41 

26.31 

8 

RLP 

Turned 

5.2 

17.9 

32.9 

30.75 

43.93 

P 

2.54 

3.62 

9 

RLPK 

Turned 

7.2 

“l5dT 

29.8 

28.44 

40.63 

K 

-2.31 

-3.30 

10 

0 

No  wt. 

2.7 

7.4 

4.7 

6.63 

9.48 

*Manure  on  Series  300  for  1913. 


Table  10. — Crop  Yields  in  Soil  Experiments,  Raleigh  Field,  1914 
Yellow-gray  Silt  Loam  (Timber  Soil) 

(Yields  per  acre) 


Series 

100 

200 

300 

400 

Value  of  four 
crops 

Value  for  each 
addition 

Plot 

Treat- 

Wheat, 

Soybeans, 

Oats, 

Corn, 

Lower 

Higher 

Lower 

Higher 

No. 

ment 

bu. 

tons(bu.) 

bu. 

bu. 

prices 

prices 

prices 

prices 

1 

0 

11.8 

.28 

2.5 

7.6 

$13.58 

$19.40 

2 

M 

10.9 

.30 

5.0 

13.2 

15.75 

22.50 

M 

$2.17 

$3.10 

3 

ML 

27.5 

.26 

8.1 

16.3 

29.04 

41.49 

L 

13.29 

18.99 

4 

MLP 

26.8 

.23 

7.8 

14.1 

27.49 

39.27 

P 

-1.55 

-2.22 

5 

0 

9.4 

(.7) 

2.0 

8.5 

10.60 

15.15 

6 
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(2.7) 

11.2 

16.4 
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42.58 

P 

2.78 
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44.12 
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1.08 

1.54 
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0 
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8.54 
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will  probably  be  better  than  those  that  have  prevailed  in  southern 
Illinois  during  the  last  three  years. 

The  fact  that  soil  treatment  has  more  than  doubled  the  crop  val- 
ues at  Ewing  and  Raleigh  during  the  four-year  period  is  both  signifi- 
cant and  encouraging.  During  the  last  two  years  the  untreated  land 
has  averaged  4.5  bushels  of  wheat,  while  Plot  4 has  averaged  21.1  bush- 
els, and  Plot  9,  28.2  bushels.  The  live-stock  farmers,  as  well  as  those 
who  are  unable  to  feed  their  crops  on  the  farm,  should  profit  from  the 
fact  that  in  the  live-stock  system  limestone  produced  three  times  as 
much  increase  as  farm  manure,  and  that  the  residue  system  with  lime- 
stone, phosphate,  and  kainit  produced  as  large  yields  and  is  as  perma- 
nent as  the  live-stock  system  with  limestone,  phosphate,  and  manure. 

Phosphorus  Fertilizers 

Some  further  discussion  of  the  subject  of  phosphorus  fertilizers 
seems  appropriate  at  this  time.  In  time  of  drouth,  moisture  may  be 
the  limiting  factor  in  plant  growth,  and  under  such  conditions  no 
amount  of  any  kind  of  phosphorus  can  produce  much  effect.  Thus, 
where  steamed  bone  meal  has  been  applied  with  crop  residues  on  the 
Odin  experiment  field  on  the  common  prairie  soil  in  Marion  county, 
at  one  and  one-half  times  the  expense  for  rock  phosphate,  the  value 
of  the  increase,  as  an  average  of  the  last  four  years,  has  not  been  suf- 
ficient to  pay  its  cost ; in  fact,  the  bone  meal  has  paid  less  per  dollar 
invested  than  has  the  rock  phosphate  in  the  same  system  at  Ewing 
and  Raleigh. 

During  the  last  four  years  there  was  one  complete  failure  of  wheat 
(in  1912)  on  the  South  Farm  at  the  University  of  Illinois,  the  wheat 
being  winter-killed,  even  where  phosphate  was  applied;  but,  as  an 
average  of  four  tests  each  year  during  the  other  three  years,  rock 
phosphate  increased  the  yield  from  30.7  to  43.6  bushels  per  acre. 

Of  course  where  nitrogen  becomes  the  limiting  element,  additions 
of  phosphorus  may  produce  little  or  no  benefit.  It  should  be  noted, 
too,  that  ground  limestone,  especially  when  applied  liberally,  tends  to 
convert  some  of  the  natural  soil  phosphates  of  iron  and  aluminum 
into  the  more  easily  available  phosphate  of  calcium,  thus  reducing  the 
immediate  need  for  applying  phosphorus. 

In  an  address  before  the  State  Farmers’  Institute  at  Centralia 
three  years  ago,  I made  the  following  statements  concerning  limestone, 
organic  matter,  and  phosphorus : 

ffFor  southern  THinois  this  is  the  order  in  which  they  should  he  used  in  the 
most  economical  methods: 

“ First,  apply  2 to  5 tons  per  acre  of  ground  limestone. 

1 1 Second,  grow  clover  or  cowpeas. 

“ Third,  apply  1000  to  2000  pounds  per  acre  of  very  finely  ground  natural 
rock  phosphate,  to  he  plowed  under  with  the  clover  or  cowpeas,  either  directly  or 
in  the  form  of  farm  manure. 
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“In  central  and  northern  Illinois  the  same  materials  are  needed,  but  there 
the  limestone  may  take  third  place,  while  it  is  of  first  importance  in  this  part  of 
the  state.  ” 

Six  years  ago,  I made  the  following  statements  in  Circular  127  of 
the  Illinois  Experiment  Station : 

“As  to  the  value  of  non-acidulated  finely-ground  natural  rock  phosphate,  I 
consider  this  as  a material  which  gives  great  promise  of  extensive  use  in  the  econ- 
omic and  profitable  improvement  of  poor  soils  and  in  the  maintenance  of  large 
crop  yields  on  good  soils,  especially  in  the  states  thruout  the  great  Central 
West.  It  should  be  distinctly  understood,  however,  that  repeated  experiments  have 
shown  that  this  material  gives  practically  no  immediate  returns  if  used  in  the 
absence  of  decaying  organic  matter.  On  the  other  hand,  when  used  in  intimate 
connection  with  liberal  amounts  of  farm  manure  or  green  manures  or  both,  we 
have  conclusive  evidence  that  it  is  one  of  the  most  economical  and  profitable  forms 
of  phosphorus,  especially  where  the  crop  returns  for  a series  of  years  are  to  be 
taken  into  account.  ” 

1 1 On  soil  very  deficient  in  decaying  organic  matter  I always  advise  the  use  of 
steamed  bone  meal  or  acid  phosphate  in  preference  to  raw  rock  phosphate.  ” 

I have  also  repeatedly  called  attention  to  the  fact  that,  in  the  ab- 
sence of  abundance  of  decaying  organic  matter,  kainit  may  be  used  in 
connection  with  rock  phosphate  to  increase  its  availability.  In  Soil 
Report  No.  1,  issued  in  1911,  it  is  pointed  out  that  when  kainit  was  so 
used  on  the  Fairfield  experiment  field  on  typical  prairie  soil  of  south- 
ern Illinois,  it  paid  for  itself.  At  the  present  time,  however,  its  cost 
is  prohibitive  on  account  of  the  European  war. 

I cannot  too  strongly  emphasize  the  statement  that  limestone  and 
organic  manures  are  of  primary  importance  for  southern  Illinois. 

“It  should  never  be  forgotten,  however,  that  phosphorus  must  also  (at  some 
time)  be  included  and  applied  with  the  vegetable  matter  if  a permanent  system 
of  soil  improvement  and  preservation  is  to  be  adopted.  While  liberal  use  of  lime- 
stone and  the  return  of  the  increased  vegetable  matter  will  make  marked  and 
profitable  improvement  in  southern  Illinois  soils,  yet  the  improvement  will  be  tem- 
porary unless  phosphorus  is  also  applied,  because  this  element  is  present  in  the 
soil  in  small  amount  and  it  is  removed  in  crops  and  sold  from  the  farm  not  only 
in  grain  and  hay,  but  also  in  bone,  in  meat,  and  in  milk.1 

This  statement  I also  made  at  Centralia  three  years  ago.  At  that 
time  I mentioned  that  the  cost  of  steamed  bone  meal  had  so  advanced 
as  to  discourage  its  use.  Altho  this  price  has  remained  high,  I am 
glad  now  to  say  that  the  cost  of  acid  phosphate  has  been  so  reduced  in 
recent  years  that  I should  advise  it  in  preference  to  steamed  bone  meal 
where  one  wishes  to  make  use  of  available  phosphorus. 

Thus,  if  one  desires  to  do  more  than  use  limestone  and  organic 
manures  at  the  beginning,  in  order  to  hasten  the  increase  of  crop 
yields,  he  may  use  either  acid  phosphate,  or  raw  phosphate  and 
kainit,  or  acid  phosphate  and  kainit ; and  with  the  decreasing  price  of 
acid  phosphate,  it  may  even  be  used  in  place  of  raw  phosphate  in  per- 


*111.  Exp.  Sta.  Circ.  157. 
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manent  systems  of  soil  improvement.  Unquestionably  a pound  of 
phosphorus  is  worth  more  in  soluble  acid  phosphate  than  in  the  in- 
soluble rock  phosphate ; and  possibly  one  pound  of  soluble  phosphorus 
is  worth  as  much  as  two  of  the  insoluble ; but  certainly  the  informa- 
tion thus  far  secured  from  all  trustworthy  investigations  does  not 
justify  paying  four  or  five  times  as  much  for  phosphorus  in  soluble 
form  as  it  costs  in  fine-ground  raw  rock,  if  organic  manures  can  be 
provided  for  its  liberation  in  rational  farm  systems.  Because  of  the 
low  price  per  ton  of  rock  phosphate,  Illinois  farmers  almost  invariably 
purchase  it  in  carload  lots,  while  the  higher  price  for  acid  phosphate 
and  its  control  by  fertilizer  agents  have  usually  compelled  its  pur- 
chase in  smaller  quantities  by  those  who  desired  to  use  it.  The  prices 
which  have  actually  prevailed  in  past  years  in  southern  Illinois  have 
been  from  $6  to  $7  a ton  for  rock  phosphate  and  about  $18  for  acid 
phosphate.  It  should  be  remembered  that  one  ton  of  raw  phosphate 
and  one  ton  of  sulfuric  acid  make  two  tons  of  acid  phosphate,  so 
that,  at  these  prices,  a pound  of  phosphorus  would  cost  the  farmer 
five  or  six  times  as  much  in  acid  phosphate  as  in  the  fine-ground  na- 
tural rock. 

Ohio  Experiments  with  Manure  and  Phosphates 

In  a recent  statement  from  Director  Thorne  regarding  the  long- 
continued  investigations  of  the  Ohio  Experiment  Station  with  raw 
phosphate  and  acid  phosphate,  the  estimated  cost  of  raw  phosphate 
has  been  increased  to  $10  per  ton,  while  that  of  acid  phosphate  has 
been  reduced  to  $14  per  ton.  I have  reported  on  different  occasions 
the  progress  of  these  important  Ohio  investigations,  and  have  noted 
that  the  yields  were  practically  the  same  whether  raw  phosphate  or 
acid  phosphate  was  used;  altho  the  method  usually  followed  by  the 
Ohio  Station  of  computing  the  increase  in  yield  showed  greater  profit 
per  acre  from  acid  phosphate,  while,  per  dollar  invested,  greater  re- 
turns were  shown  from  the  use  of  raw  phosphate.  However,  with  raw 
phosphate  at  $10  and  acid  phosphate  at  $14  per  ton,  the  Ohio  compu- 
tations now  show  greater  profit  from  acid  phosphate  than  from  rock 
phosphate,  both  per  acre  and  per  dollar  invested. 

In  reference  to  these  experiments  the  following  statements  were 
made  in  Ohio  Experiment  Station  Circular  104,  published  in  1910: 

“On  Section  C,  Plots  1 and  11,  which,  it  will  be  observed,  are  continuous, 
have  regularly  given  yields  so  much  larger  than  those  of  the  other  unmanured 
plots  of  this  section  as  to  suggest  the  possibility  that  the  land  covered  by  these 
plots  may  have  been  at  one  time  occupied  by  a fence-row,  the  tract  lying  near  a 
barn,  and  for  this  reason  it  has  been  deemed  best  to  calculate  the  increase  on  the 
general  average  of  all  the  unfertilized  plots.  By  this  method  of  calculation  the 
average  increase  on  Plots  2 and  3 combined  (with  raw  phosphate)  is  found  to 
be  practically  the  same  a&  on  Plots  5 and  6 combined  (with  acid  phosphate)  but 
when  the  larger  cost  of  the  acid  phosphate  is  deducted  the  net  gain  is  a little 
greater  on  Plots  2 and  3.  ” 
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In  previous  and  subsequent  years  the  Ohio  Station  has  followed 
a different  method  of  calculating  the  increase,  which,  together  with 
the  changes  in  cost  of  materials,  has,  in  the  opinion  of  Director 
Thorne,  placed  the  acid  phosphate  in  the  lead,  as  stated  above ; but  by 
his  courtesy  I am  permitted  to  give  the  average  actual  yields  secured 
in  these  experiments  during  the  entire  eighteen  years,  and  also  the 
averages  for  the  last  three  years,  including  1914  (see  Table  11).  By 
this  method  of  computation,  the  same  as  was  used  by  the  Ohio  Sta- 
tion in  1910,  the  average  profits  are  slightly  larger  from  the  raw 
phosphate,  both  for  the  eighteen  years  and  for  the  last  three  years, 
even  at  Illinois  prices  for  produce  and  Ohio  prices  for  the  phosphates 
used.  (For  a more  detailed  discussion  of  these  experiments  see  Illi- 
nois Experiment  Station  Circular  130.) 


Table  11. — Crop  Yields  per  Acre  in  Ohio  Manure-Phosphate 
Experiments 


Treatment 

Corn, 

bu. 

Wheat, 

bu. 

Hay, 

tons 

Value  of 
3 crops 

Net  gain  fo 
From 
3 acres 

ir  phosphate 
From  $1 

Average  of  18  Years:  1897  to  1914 

None  

Manure  

Manure,  rock  phosphate 
Manure,  acid  phosphate 

34.7 

56.4 

65.2 

64.0 

11.6 

21.2 

25.8 

26.7 

1.37 

1.91 

2.36 

2.34 

[ $29.85 

47.95 
57.40 
57.47 

$7.85 

7.28 

$4.91 

3.25 

Average  of  3 Years:  1912  to  1914 

None  

Manure  

Manure,  rock  phosphate 
Manure,  acid  phosphate 

42.9 
65.5 

78.9 
74.0 

13.5 

22.4 

26.3 

29.3 

1.63 

2.31 

2.65 

2.67 

$35.87 

54.77 

64.58 

65.10 

$8.21 

8.09 

$5.13 

3.61 

Note. — Rock  phosphate  applied  cost  $1.60  at  $10  per  ton;  acid  phosphate 
applied  cost  $2.24  at  $14  per  ton. 


Interpretation  of  Experiments 

In  conclusion,  I beg  to  ask  some  consideration  of  the  difficulties 
involved  in  the  interpretation  or  discussion  of  the  results  of  field  ex- 
periments in  soil  investigations.  From  the  standpoint  of  the  investi- 
gator, it  is  most  satisfactory  to  report  only  the  actual  data  secured, 
stating  the  kinds  and  amounts  of  materials  applied  and  the  crop  yields 
harvested ; and  then  to  leave  every  individual  to  figure  for  himself  as 
to  whether  he  can  make  use  of  the  record  of  facts  in  the  improvement 
of  his  own  farm  practice.  On  the  other  hand,  the  first  question  asked 
by  most  farmers  and  landowners  is,  1 1 Does  it  pay  ? ’ ’ thus  almost  com- 
pelling the  investigator  to  report  some  estimate  of  the  cost  and  profit 
or  loss.  And  of  course  similar  estimates  are  commonly  made  in  most 
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other  lines  of  investment,  such  as  construction  work,  mining,  lumber- 
ing, manufactures,  and  mercantile  business. 

What  is  the  cost  of  a ton  of  limestone  spread  on  the  land?  With  a 
price  of  60  cents  at  the  plant  and  25  cents  freight  for  50  miles,  the 
cash  expense  is  85  cents  a ton;  and  with  the  farm  near  the  station, 
and  the  hauling  and  spreading  done  when  men  and  teams  have  little 
else  to  do,  one  might  count  $1  per  ton  as  the  total  necessary  expense ; 
whereas,  with  a price  of  $1  at  the  plant,  75  cents  freight  for  150  miles, 
and  $4  a day  for  a man  and  team  to  haul  it  five  or  six  miles  to  the 
farm,  the  cost  may  easily  reach  $3  per  ton. 

What  is  the  value  of  a bushel  of  wheat,  a bushel  of  corn,  or  a ton 
of  hay  ? The  ten-year  average  price  for  wheat  in  Illinois  is  90  cents, 
but  we  sold  for  75  last  summer  and  are  now  offered  $1.50.  The  Year 
Book  of  the  United  States  Department  of  Agriculture  reports  44 
cents  a bushel  as  the  average  farm-price  of  corn  in  Illinois,  on  Decem- 
ber 1,  for  the  ten  years  1903  to  1912 ; and  35  cents  is  probably  not  far 
from  the  average  value  of  corn  on  the  stalk.  The  ten-year  average 
farm-price  for  No.  1 timothy  hay  is  $10.84;  but,  for  average  farm  hay 
lying  in  the  swath,  $7  is  not  below  a reasonably  safe  value. 

We  are  commonly  assured  that  future  prices  will  average  higher 
for  all  farm  products.  They  will  have  to,  if  the  farmers  of  the  United 
States  are  to  have  adequate  funds  for  investment  in  soil  improvement ; 
but  past  facts  covering  a ten-year  period  are  a safer  guide  than  fu- 
ture predictions,  and  there  is  grave  danger  that  the  United  States  of 
America  may  continue  the  policy  recently  condemned  by  the  great 
railroad  builder,  James  J.  Hill,  in  the  following  words: 

"The  farm  is  the  basis  of  all  industry,  but  for  many  years  this  country  has 
made  the  mistake  of  unduly  assisting  manufacture,  commerce,  and  other  activities 
that  center  in  cities,  at  the  expense  of  the  farm.  ” 

Which  is  better — to  tax  the  man  who  farms  the  land,  or  the  man 
who  owns  the  mortgage? 

Which  is  better — to  increase  freights,  or  to  reduce  railroad  ex- 
penses until  agriculture  can  compete  with  commerce? 

Which  is  better — to  fix  a minimum  wage  in  the  city  to  attract  more 
people  from  the  farms,  or  to  fix  a minimum  price  for  country  wheat 
to  feed  our  increasing  population  ? 

Which  is  better — to  build  a Panama  Canal  for  the  world  and  oper- 
ate it  at  a loss,  or  to  rebuild  the  millions  of  acres  of  abandoned  farms 
in  our  older  states  ? 

Which  is  better — to  erect  more  coast  defenses  and  construct  more 
warships  with  which  to  frighten  or  to  fight  other  nations,  or  to — 

"Stop  building  national  warships  and  coast  defenses  and  unite  the  national 
navies  of  the  world  into  an  international  or  world  navy  to  be  controlled  by  a rep- 
resentative international  commission  or  congress,  and  thus  maintain  world  peace 
with  world  power;  for  not  until  the  dawn  of  the  millennium  can  we  hope  for  per- 


manent  peace  from  sentiment  and  treaty.  The  union  of  all  navies  at  the  close  of 
the  present  war  into  one  international  naval  power  for  the  preservation  of  per- 
manent international  peace  should  be  less  difficult  of  achievement  than  was  the 
union  of  the  states  into  the  United  States  at  a time  when  battles  were  sometimes 
fought  a month  after  peace  was  declared.  Surely  nations  may  trust  for  justice  to 
the  wisdom  and  fairness  of  such  a representative  international  congress,  just  as 
our  states  must  trust  our  national  Congress;  and  such  a project  should  hasten  the 
termination  of  the  international  war.  ’ n 

When  we  take  down  onr  coast  defenses  and  cease  building  war- 
ships for  destruction,  we  may  thereby  save  a quarter-billion  dollars  a 
year,  to  be  devoted  so  far  as  needed  to  agricultural  investigation,  in- 
struction, extension,  and  demonstration;  to  the  encouragement  and 
control  of  the  production  and  transportation  of  limestone  and  phos- 
phate, in  order  to  insure  the  possible  use  of  these  basic  materials  where 
needed ; and,  if  possible,  to  a sufficient  control  of  markets  and  market- 
ing to  encourage  production  with  reasonable  profit,  to  discourage  spec- 
ulation in  human  foods,  and  to  prevent  unreasonable  expense  and  ex- 
cessive profits  by  those  who  stand  between  producer  and  consumer. 

If  Illinois  were  to  receive  her  “ share’ ’ of  this  quarter-billion  dol- 
lars, it  could  adequately  endow  a school  within  easy  reach  of  every 
home  in  this  great  state,  for  the  purpose  of  teaching  the  oncoming 
generations  not  only  how  not  to  treat  Illinois  soils,  but  how  most  econ- 
omically to  make  them  permanently  richer  and  more  productive  for 
the  prosperity  of  all  the  people  and  to  the  honor  of  the  commonwealth. 

q^rom  an  address  by  the  author  before  the  Annual  Convention  of  the  Amer- 
ican Bankers  Association,  at  Bichmond,  Virginia,  October  15,  1914,  previously 
suggested  in  a letter,  dated  August  5,  1914,  addressed  to  the  Hon.  William  J. 
Bryan,  Department  of  State,  Washington,  D.  C. 
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ADDED  NOTE 

On  page  664  of  the  Breeder’s  Gazette  of  April  1,  Mr.  Henry  G. 
Bell  (Agronomist  of  the  Middle  West  Soil  Improvement  Committee 
of  the  National  Fertilizer  Association)  quotes  a statement  from  my 
article  in  the  Gazette  of  February  25,  relating  to  fertilizer  experi- 
ments “ conducted  by  the  Ohio  Experiment  Station  at  both  Wooster 
and  Strongsville,  ’ ’ and  he  then  makes  the  following  comments : 

"This  quotation  purports  to  give  in  essence  the  findings  of  the  Ohio  Station 

relative  to  the  profit  of  using  nitrogen,  potassium  and  phosphorus True,  on 

the  basis  of  the  low  figures  for  crops  quoted  neither  the  use  of  nitrogen  alone, 
nor  of  potassium  alone,  paid,  while  phosphorus  gave  an  excellent  return.  From 
this  fact  your  correspondent  concludes  that  the  use  of  either  nitrogen  or  potas- 
sium in  combination  with  phosphorus,  or  all  of  the  three  elements  in  combination, 
does  not  pay,  which  conclusion  is  absolutely  at  variance  with  Director  Thorne’s 
own  statement  as  to  the  profit  of  the  different  methods  of  treatment,  which  quota- 
tion follows: 

" 1 Every  complete  fertilizer  has  been  used  with  a profit,  since  the  first  period, 
but  when  either  nitrate  of  soda  or  muriate  of  potash  has  been  used  unaccom- 
panied by  some  carrier  of  phosphorus  there  has  been  a net  loss  in  each  period 
(except  from  the  muriate  of  potash  in  the  third  period)  and  in  the  average  of  the 
20  years.’ 

"Director  Thorne’s  own  figures  on  the  plots  to  which  a complete  fertilizer 
was  applied  show  that  an  average  investment  of  $19.29  ($19.78)  per  acre  for  fer- 
tilizer gave  a net  profit  of  $12.97 Your  correspondent  was  correct  so  far  as 

he  quoted,  but,  as  we  have  pointed  out,  a further  examination  of  the  table  of  tests 
quoted  shows  that  the  use  of  nitrogen,  phosphoric  acid  and  potash  in  combination 
paid  handsomely  at  the  Ohio  Experiment  Station.” 

For  the  benefit  of  the  reader  who  cares  to  do  his  own  thinking,  I 
am  presenting  in  the  accompanying  tabular  statement  the  results  from 
all  the  plots  receiving  corresponding  commercial  fertilizers  in  the  five- 
field  rotations,  representing  averages  of  twenty  years  at  Wooster  and 
nineteen  years  at  Strongsville. 

It  will  be  seen  that  $2.60  invested  in  phosphorus  paid  a profit  of 
$14.40,  while  $19.78  invested  in  complete  fertilizers  paid  a profit  of 
$7.43,  as  an  average  of  the  results  from  the  twelve  plots.  Mr.  Bell 
states  that  ‘ 1 the  plots  to  which  a complete  fertilizer  was  applied  show 
that  an  average  investment  of  $19.29  for  fertilizer  gave  a net  profit 
of  $12.97.’  ’ During  the  last  three  or  four  years,  Director  Thorne  has 
changed  the  fertilizer  applied  to  Plot  27  so  as  to  reduce  the  expense 
from  $23.50  to  $17.60,  and  with  this  change  the  present  average  cost 
of  complete  fertilizers  for  the  twelve  plots  is  $19.29,  as  Mr.  Bell  re- 
ports; but  in  computing  the  average  profit  for  the  entire  period,  Di- 
rector Thorne  still  continues  to  deduct  $23.50  instead  of  $17.60  as  the 
annual  cost  for  this  plot. 

The  “net  profit  of  $12.97,”  mentioned  by  Mr.  Bell,  is  not  the  gen- 
eral average  from  both  Wooster  and  Strongsville,  but  only  the  aver- 
age from  the  twelve  plots  at  Wooster  where  complete  fertilizers  were 
used.  Of  course  the  average  of  both  series  of  experiments,  showing 
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$7.43  profit  from  an  investment  of  $19.78,  is  far  more  trustworthy  as 
a basis  for  advising  farmers  what  they  may  expect  from  the  use  of 
such  complete  fertilizers;  but  even  if  we  ignore  the  Strongsville  data 
and  consider  only  the  $12.97  mentioned  by  Mr.  Bell,  we  may  well  in- 
quire why  a farmer  should  invest  $19.78  in  complete  fertilizer  in  the 
hope  of  getting  a profit  of  $12.97  when  the  same  “ table  of  tests’  * 
(page  79  of  Ohio  Experiment  Station  Circular  144)  shows  that  $2.60 
invested  in  phosphorus  alone  gave  a profit  of  $13.92.  Why  should  the 
farmer  reduce  his  profit  by  95  cents  by  spending  $17.18  for  nitrogen 
and  potassium  ? 


Fertilizer  Experiments  by  Ohio  Experiment  Station 
With  Five-Field  Rotation,  Corn,  Oats,  Wheat,  Clover,  and  Timothy 


Plot 

No. 

Fertilizing  elements 
per  year  for  5 years 

Average 
from  5 

value  of  increase 
acres  (5  crops) 

Annual 
cost  of 
ferti- 
lizers for 
5 acres  . 

Average 

profit 

Nitro- 

gen, 

lbs. 

Phos-  j 
phorus,! 
lbs.  1 

I 

Potas- 

sium, 

lbs. 

20-year 
aver,  at 
Wooster 

1 9 -y  pal- 
aver. at 
Strongs- 
ville 

General 

average 

From 
5 acres 

From 

$1 

2 

20 

$16.52 

$17.48 

$17.00 

$ 2.60 

$14.40 

$5.54 

3 

108 

5.73 

-.17 

2.78 

6.50 

Loss 

Loss 

5 

76 

8.37 

_1.77_ 

5.07 

14.40 

Loss 

Loss 

6 

76 

20 

llL34 

21.48 

26.41 

17.00 

9.41 

.55 

8 

20 

108 

24.69 

18.87 

21.78 

9.10 

12.68 

1.39 

9 

76 

108 

11.07 

4.76 

7.92 

20.90 

Loss 

Loss 

"Ti“ 

76“ 

20 

108 

39.28 

23.7 1 

31.50 

23.50 

^34 

26 

76 

20 

108 

32.37 

22.85 

27.61 

23.50 

4.11 

.17 

27 

76 

20 

108 

33.42 

19.71 

26.57 

23.50 

3.07 

.13 

29 

76 

20 

108 

33.42 

23.12 

28.27 

23.50 

4.77 

.20 

17 

38 

30 

108 

35.23 

23.21 

29.22 

17.60 

11.62 

.66 

21 

38 

30 

108 

33.50 

21.20 

27.35 

17.60 

9.75 

.55 

23 

38 

30 

108 

31.75 

21.80 

26.78 

17.60 

9.18 

.52 

24 

38 

30 

108 

31.91 

22.21 

27.06 

17.60 

9.46 

.54 

30 

38 

30 

108 

30.40 

27.99 

29.20 

17.60 

11.60 

.66 

12 

112 

20 

108 

39.98 

24.72 

32.35 

30.70 

1.65 

.05 

14 

50 

15 

74 

30.14 

18.44 

24.29 

16.05 

8.24 

.51 

15 

25 

10 

41 

21.66 

11.10 

16.38 

8.60 

7.78 

.90 

Average  of  last  twelve  plots 

$32.75 

“$21.67“ 

$27.21 

“$19778“ 

$ 7.43 

$T38~ 

Note. — The  increase  produced  by  fertilizers,  as  it  stands  in  the  field  ready 
for  the  harvest,  is  valued  at  40  cents  a bushel  for  corn,  30  cents  for  oats,  80  cents 
for  wheat,  $8  a ton  for  hay,  $3  for  corn  stalks,  and  $2  for  straw. 


A still  more  trustworthy  basis  of  comparison  is  between  Plot  2 
and  the  average  of  Plots  11,  26,  27,  and  29,  which  shows  that  $2.60 
invested  in  phosphorus  gave  $16.52  increase  in  the  crop  values,  while 
$20.90  invested  in  nitrogen  and  potassium  (applied  in  addition  to  the 
phosphorus)  produced  an  additional  gross  increase  valued  at  only 
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$18.10,  thus  showing  $2.80  net  loss  from  the  investment  in  nitrogen 
and  potassium,  even  when  used  in  combination  with  phosphorus. 

The  statement  that  the  use  of  “all  of  the  three  elements  in  com- 
bination does  not  pay”  is  incorrectly  credited  to  me  by  Mr.  Bell.  I 
am  in  full  accord  with  the  statement  which  he  quotes  from  Director 
Thorne ; and  in  my  article  of  February  25  I made  the  following  state- 
ment concerning  the  use  of  complete  fertilizers  for  the  common  grain 
and  forage  crops  on  normal  soils : 

“Such  fertilizers  are  not  likely  to  yield  even  a temporary  profit,  excepting 
on  soils  where  phosphorus  is  the  limiting  element,  and  in  this  case  the  phosphorus 
may  yield  a sufficient  profit  to  pay  for  the  loss  from  the  use  of  commercial  nitro- 
gen and  potassium.  if 

Thus,  in  these  Ohio  Experiments,  as  a general  average  of  results 
from  Wooster  and  Strongsville,  the  profit  of  $14.40  from  phosphorus 
alone  was  not  entirely  wiped  out  in  paying  for  the  loss  on  nitrogen 
and  potassium,  but  it  was  reduced  to  $7.43 ; and  the  profit  per  dollar 
invested  was  reduced  from  $5.54  with  phosphorus  alone  to  only  38 
cents  as  an  average  of  the  twelve  plots  on  which  complete  fertilizers 
were  used. 

Mr.  Bell’s  statement  that  “the  use  of  nitrogen,  phosphoric  acid 
and  potash  in  combination  paid  handsomely  at  the  Ohio  Experiment 
Station”  may  be  true  from  his  viewpoint ; but  from  the  viewpoint  of  a 
farmer  with  limited  capital  the  matter  presents  a different  aspect,  the 
more  especially,  when,  by  reference  to  “the  first  period”  (mentioned 
by  Director  Thorne  in  the  above  quotation  from  Mr.  Bell’s  article), 
we  find  by  “ a further  examination  of  the  table  of  tests,  ’ ’ that  during 
the  first  five  years  of  the  Ohio  experiments,  these  complete  fertilizers 
paid  as  an  average  a profit  of  only  3 percent  at  Wooster  and  1 percent 
at  Strongsville. 

The  man  who  desires  to  use  both  head  and  hands  in  the  business 
of  farming  may  well  preserve  and  study  the  information  afforded  by 
the  table  of  results  presented  herewith.  The  footnote  gives  the  values 
assigned  to  the  farm  produce.  Are  they  high  enough  for  the  increase 
of  crops  standing  in  the  field  ? At  the  prices  used  by  Director  Thorne 
for  the  three  elements  (see  Plots  2,  3,  and  5),  a 2-8-2  fertilizer  would 
cost  only  $17.45  per  ton.  Can  the  reader  purchase  locally  for  less 
money  ? 

As  a general  average  of  the  twelve  plots,  the  complete  fertilizers 
supplied  less  nitrogen,  less  phosphorus,  and  less  potassium  than  was 
removed  in  the  crops  harvested.  The  average  acre-yields  at  Wooster 
where  $19.78  worth  of  fertilizer  was  used  were  45  bushels  of  corn,  45 
of  oats,  24  of  wheat,  iy2  tons  of  clover,  and  1%  tons  of  timothy. 

From  a study  of  the  table,  the  effect  of  each  element  may  be  found 
under  four  different  conditions.  Thus  $2.60  in  phosphorus  alone  paid 
back  $17,  but  where  used  in  addition  to  potassium,  the  $2.60  invested 
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in  phosphorus  paid  back  $19  (compare  Plots  2 and  8).  Where  used 
in  addition  to  nitrogen,  the  $2.60  in  phosphorus  returned  $21.34  (see 
Plots  5 and  6)  ; and  where  applied  with  both  nitrogen  and  potassium, 
the  $2.60  spent  for  phosphorus  paid  back  $20.57  (compare  Plot  9 with 
the  average  of  Plots  11,  26,  27,  and  29). 

Soluble  phosphorus  on  Plots  11  and  27  produced  about  the  same 
average  results  as  bone  meal  on  Plot  26  and  slag  phosphate  on  Plot 
29.  Likewise  the  nitrogen  produced  about  the  same  effect  whether 
applied  in  sodium  nitrate  (17),  in  oil  meal  (21),  in  dried  blood  (23), 
in  ammonium  sulfate  (24),  or  in  tankage  (30). 

With  a decrease  of  nitrogen  (from  76  to  38  pounds)  and  an  in- 
crease of  phosphorus  (from  20  to  30  pounds),  the  profit  was  increased, 
but  with  an  increase  of  nitrogen  (Plot  12)  the  profit  was  decreased. 
Nitrogen  and  potassium  produced  some  increase  in  yield,  and  this  the 
farmer  should  secure,  not  by  buying  those  elements  at  a loss,  but  by 
securing  more  nitrogen  from  the  inexhaustible  supply  in  the  air  thru 
a larger  use  of  legumes  (with  limestone  if  needed),  and  by  liberating 
potassium  from  the  inexhaustible  supply  in  the  corn-belt  soils  by 
means  of  decaying  organic  manures. 

The  information  reported  in  this  tabular  statement  is  based  upon 
the  actual  weights  from  about  five  thousand  harvested  crops  from 
measured  areas  of  land,  and  the  established  facts  thus  recorded  should 
help  to  put  the  agriculture  of  the  Middle  West  on  a permanent  and 
more  profitable  basis. 


MATERIALS  FOR  SOIL  IMPROVEMENT 
Natural  Rock  Phosphate 

Fine-ground  raw  rock  phosphate,  containing  from  io  to  14  percent  of 
phosphorus,  can  be  obtained  from  the  following  companies,  delivered  in 
bulk  on  board  cars  at  the  mines  in  Tennessee  for  $2.50  to  $5  per  ton, 
the  price  varying  with  the  quality.  The  freight  rate  from  Tennessee  per 
ton  of  2000  pounds  in  carload  lots  varies  from  $2.50  to  points  in  southern 
Illinois,  to  $3.58  to  northern  Illinois  points.  Of  course,  these  addresses 
are  given  solely  as  a matter  of  information,  and  the  Experiment  Station 
makes  no  recommendations  or  guarantees  as  to  reliability. 

Mt.  Pleasant  Fertilizer  Co.,  Mt.  Pleasant,  Tenn. 

Robin  Jones  Phosphate  Co.,  Nashville,  Tenn. 

Natural  Phosphate  Co.,  Nashville,  Tenn. 

Farmers  Ground  Rock  Phosphate  Co.,  Mt.  Pleasant,  Tenn. 

Ruhm  Phosphate  Mining  Co.,  Mt.  Pleasant,  Tenn. 

Blue  Grass  Phosphate  Co.,  Mt.  Pleasant,  Tenn. 

Southern  Lime  & Phosphate  Co.,  Birmingham,  Ala. 

Federal  Chemical  Co.,  Columbia,  Tenn. 
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Central  Phosphate  Co.,  Mt.  Pleasant,  Tenn. 

Central  Kentucky  Phosphate  Co.,  Wallace,  Ky. 

American  Fertilizer  Co.,  Santa  he,  Tenn. 

It  should  be  borne  in  mind  that  rock  phosphate  varies  much  in  quality. 
Consequently,  it  should  always  be  purchased  upon  a guaranteed  analysis, 
and  it  is  advisable  for  the  purchaser  to  take  an  average  sample  of  the  car- 
load when  received  and  have  it  analyzed  both  for  phosphorus  and  for  fine- 
ness, even  tho  the  analysis  cost  him  $2  or  $3.  To  collect  an  average  sample, 
take  a small  teaspoonful  from  about  fifty  different  places  in  the  car,  not 
only  from  the  surface  but  also  from  different  depths.  These  fifty  spoonfuls 
well  mixed  together  will  make  a trustworthy  sample,  and  about  one  pound 
of  this  should  be  sent  to  some  commercial  chemist  for  analysis. 

If  i2T2-percent  rock,  containing  250  pounds  of  phosphorus  per  ton,  costs 
$7.50  (including  freight),  then  10-percent  rock,  containing  200  pounds  of 
the  element  per  ton,  is  worth  $6,  a difference  in  value  of  $1.50  per  ton, 
which,  on  a 30-ton  car,  amounts  to  $45. 

The  important  phosphorus  compound  in  rock  phosphate  is  calcium  phos- 
phate, Ca3  (P04)2.  The  percentage  of  this  compound  in  the  rock  phos- 
phate marks  the  purity  of  the  rock.  Thus,  if  the  rock  phosphate  contains 
60  percent  of  calcium  phosphate,  it  is  60  percent  pure,  with  40  percent  of 
impurities. 

Sometimes  the  guarantee  is  given  as  “phosphoric  acid,”  meaning  phos- 
phoric oxid,  P2Os.  This  also  is  a definite  compound  and  always  contains 
43%  percent  of  the  element  phosphorus.  Thus  it  will  be  seen  that  the 
same  sample  of  rock  phosphate  may  be  guaranteed  to  contain  62  percent  of 
calcium  phosphate,  Ca3  (P04)2,  or 28.4 percent  of  “phosphoric  acid”  (P205), 
or  12.4  percent  of  phosphorus  (P). 

Raw  rock  phosphate  should  be  very  finely  ground,  so  that  at  least  90 
percent  of  the  material  can  be  washed  thru  a sieve  with  100  meshes  to  the 
•linear  inch,  or  with  10,000  meshes  to  the  square  inch.  Of  course  anyone 
can  test  for  fineness  by  sifting  ten  ounces  and  then  drying  and  weighing 
what  will  not  wash  thru  the  sieve. 

As  a rule,  it  is  more  satisfactory  to  purchase  in  bulk  rather  than  in 
bags  (see  page  15  of  Circular  no). 

Bone  Meal 

A good  grade  of  steamed  bone  meal  (about  12^2  percent  phosphorus) 
can  be  obtained  delivered  in  Illinois  for  $25  to  $30  a ton,  from  the  local 
agents  of  Morris  & Co.,  Swift  & Co.,  Armour  & Co.,  the  American  Glue 
Co.,  or  the  American  Fertilizer  Co.,  Chicago,  111.,  or  from  the  Empire  Car- 
bon Works,  National  Stock  Yards,  East  St.  Louis,  111. 

Potassium  Salts 

Potassium  chlorid  (so-called  “muriate  of  potash”),  containing  about  42 
percent  of  potassium,  can  be  obtained  for  about  $45  a ton  from  Armour  & 
Co.,  Swift  & Co.,  or  Darling  & Co.,  Union  Stock  Yards,  Chicago,  111.,  from 
the  German  Kali  Works  or  the  Nitrate  Agencies  Co.,  Chicago,  111.,  from 
A.  Smith  & Bro.,  Tampico,  111.,  or  from  the  American  Agricultural  Chemi- 
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cal  Co.,  New  York,  N.  Y.;  and  kainit,  containing  about  io  percent  of 
potassium,  together  with  some  magnesium  sulfate,  magnesium  chlorid,  and 
sodium  chlorid,  can  also  be  obtained  from  Armour  & Co.,  Darling  & Co., 
Swift  & Co.,  Hirsch,  Stein  & Co.,  the  Chicago  Fertilizer  Works,  or  the 
German  Kali  Works,  Chicago,  111.,  for  about  $13  a ton. 

Ground  Limestone 

Ground  limestone  can  now  be  obtained  at  60  cents  a ton  ($1  in  bags, 
to  be  returned  at  purchaser’s  expense  ai\d  risk)  from  the  Southern  Illinois 
Penitentiary,  Menard,  111.,  and  at  different  prices  from  the  following  com- 
panies : 

Casper  Stolle  Quarry  & Contracting  Co.,  Hast  St.  Louis,  111.  (Quarry 
at  Stolle,  111.) 

Southwestern  Contracting  & Engineering  Co.,  East  St.  Louis,  111. 

Ellis  Bros.,  Elsberry,  Mo. 

Carthage  Superior  Limestone  Co.,  Carthage,  Mo. 

Mitchell  Lime  Co.,  Mitchell,  Ind. 

John  Armstrong  Lime  & Quarry  Co.,  Alton,  111. 

Lehigh  Stone  Co.,  Kankakee,  111. 

Elmhurst-Chicago  Stone  Co.,  Elmhurst,  111. 

East  St.  Louis  Stone  Co.,  East  St.  Louis,  111. 

Columbia  Quarry  Co.,  St.  Louis,  Mo.  (Quarry  at  Columbia,  111.) 

McLaughlin-Mateer  Co.,  Kankakee,  111. 

Lockyer  Quarry  Co.,  Alton,  111. 

Western  Whiting  & Mfg.  Co.,  Elsah,  111. 

Eldred  Stone  Co.,  Eldred,  111. 

Marblehead  Lime  Co.,  Masonic  Temple,  Chicago,  111.  (Quarries  at 
Quincy,  111.) 

United  States  Crushed  Stone  Co.,  108  S.  LaSalle  St.,  Chicago,  111. 

Dolese  & Shepard  Co.,  108  S.  LaSalle  St.,  Chicago,  111. 

Fruitgrowers’  Refrigerating  & Power  Co.,  Anna,  111. 

Biggsville  Crushed  Stone  Co.,  Biggsville,  111. 

Hart  & Page,  Rockford,  111. 

McManus  & Tucker,  Keokuk,  Iowa. 

Moline  Stone  Co.,  Moline,  111. 

John  Markman,  Gladstone,  111. 

Superior  Stone  Co.,  218  Hearst  Bldg.,  Chicago,  111. 

Brownell  Improvement  Co.,  1220  Chamber  of  Commerce,  Chicago,  111. 

Dolese  Bros.  Co.,  10  S.  LaSalle  St.,  Chicago,  111. 

Ohio  & Indiana  Stone  Co.,  Indianapolis,  Ind.  (Quarry  at  Greencastle, 

Ind.) 

C.  F.  Gill  & Co.,  6709  Lakewood  Av.,  Chicago.  111.  (Quarry  at  Joliet, 

111.) 

Riverside  Lime  & Stone  Co.,  131  W.  63d  St.,  Chicago,  111. 

Carrico  Stone  Co.,  Rockford,  111. 

Logansport  Stone  & Construction  Co.,  Huntington,  Ind. 

Some  of  these  companies  furnish  fine-ground  limestone  and  some  fur- 
nish limestone  screenings,  which  include  both  very  fine  dust  and  some 
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coarse  particles  even  as  large  as  corn  kernels.  In  carload  lots  the  price  on 
board  cars  at  the  plant  varies  from  50  cents  to  $1  a ton  according  to  fine- 
ness. The  freight  charges  are  one-half  cent  per  ton  per  mile,  with  a mini- 
mum charge  of  25  cents  per  ton  by  each  railroad  handling  the  car,  and 
with  a minimum  carload  of  30  tons.  At  most  points  in  Illinois  the  cost  de- 
livered in  bulk  in  box  cars  should  be  between  $1  and  $2  a ton.  Sometimes 
one  can  get  one  and  one-half  tons  of  material  containing  one  ton  of  fine 
dust  and  half  a ton  of  coarser  particles,  varying  in  size  from  less  than  pin- 
heads to  corn  kernels,  at  no  greater  expense  than  would  be  required  for 
one  ton  of  fine-ground  stone  containing  no  coarser  particles.  The  coarser 
particles  will  last  in  the  soil  longer  than  the  finer  material,  which  is  rapidly 
lost  by  leaching;  and  a product  that  will  all  pass  thru  a sieve  with  8 or 
10  meshes  to  the  linear  inch,  and  that  contains  all  the  fine  dust  produced  in 
the  process  of  crushing  or  grinding  is  very  satisfactory. 

Machines  for  Grinding  Limestone 

Portable  machines  for  crushing  and  grinding  limestone,  using  thresh- 
ing engines  for  power,  can  be  obtained  from — 

Williams  Patent  Crusher  & Pulverizer  Co.,  St.  Louis,  Mo. 

Universal  Crusher  Co.,  Cedar  Rapids,  Iowa. 

Pennsylvania  Crusher  Co.,  Pittsburgh,  Pa. 

Wheeling  Mold  & Foundry  Co.,  Wheeling,  W.  Va. 

Jeffrey  Manufacturing  Co.,  Columbus,  Ohio. 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Gardner  Crusher  Co.,  Cleveland,  Ohio. 

Power  & Mining  Machinery  Co.,  Cudahy,  Wis. 

Machine  for  Spreading  Limestone  and  Phosphate 

Directions  for  making  a machine  for  spreading  ground  limestone  and 
ground  rock  phosphate  are  given  in  Circular  no,  which  will  be  sent  to 
anyone  upon  request.  This  is  a homemade  machine,  carried  on  the  wheels 
of  an  old  mower,  and  it  can  be  made  by  any  good  blacksmith  and  car- 
penter. 

There  is  no  regular  manufactured  machine  on  the  market  that  has  given 
as  satisfactory  service  in  our  experience  as  these  homemade  machines. 
They  are  made  upon  order  by  many  blacksmiths  in  different  parts  of  the 
state,  and  are  usually  kept  in  stock. by  the  following  makers: 

George  Kubacki,  DuBois,  111. 

Pana  Enterprise  Manufacturing  Co.,  Pana,  111. 
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THE  FERTILIZER  PROBLEM  FROM  THE 
VEGETABLE  GROWER’S  STANDPOINT1 


By  C.  E.  Durst,  Associate  in  Olericulture 

INTRODUCTION 

The  general  principles  of  soil  fertility  apply  with  equal  signifi- 
cance in  both  vegetable  and  farm-crop  production,  but  there  are 
marked  differences  respecting  the  specific  manner  of  their  application. 
In  general  farming,  the  quantity  and  proper  maturity  of  the  crops 
are  the  only  objects  involved;  in  vegetable  growing,  these  are  im- 
portant, but  added  to  them  are  such  factors  as  earliness,  quality,  and 
appearance  of  the  products.  In  fact,  the  latter  are  the  sole  factors  in 
determining  the  profits  from  certain  crops.  A few  days’  gain  in 
early  cabbage  or  spinach,  for  instance,  may  mean  an  increase  of  50 
or  100  percent  in  the  profit.  Relatively  small  differences  in  the  quality 
or  flavor  of  such  crops  as  melons,  lettuce,  and  celery,  often  cause  wide 
differences  in  the  returns.  The  size  and  appearance,  or  “ finish,”  of 
nearly  all  vegetables  play  a large  part  in  the  prices  received. 

In  other  words,  looking  at  the  question  from  a practical  point  of 
view,  soil  fertility  is  one  thing  from  a general  farmer’s  standpoint,  and 
quite  another  thing  from  the  vegetable  grower’s  standpoint.  In  the 
first  place,  vegetables  as  a class  require  much  richer  soil  than  farm 
crops.  Land  capable  of  producing  admirable  farm  crops  will  ordi- 
narily produce  only  mediocre  vegetables.  We  have  in  Illinois  plenty 
of  land  that  will  produce  50  to  75  bushels  of  corn  or  30  to  40  bushels 
of  wheat  in  a favorable  season.  But  plant  this  land  to  cabbage  or 
onions  and  what  would  be  the  result?  As  every  practical  gardener 
knows,  only  fair  crops  of  these  vegetables  would  be  produced.  The 
best  general  farming  land  needs  much  building  up  before  it  will  grow 
vegetables  successfully,  and  three  or  four  years  of  persistent  effort 
are  generally  required  to  accomplish  the  result. 

Where  vegetables  are  grown  on  a very  intensive  basis,  as  on  the 
high-priced  land  near  the  larger  cities,  tilled  crops  are  grown  prac- 
tically all  the  time  during  the  growing  season.  There  is  no  “sowing 
down”  as  in  general  farming.  The  almost  continuous  stirring  of  the 
soil  and  the  fact  that  vegetables,  as  a rule,  shade  it  very  little,  per- 
mit a large  loss  of  nitrogen  and  organic  matter  by  oxidation.  In  fact, 
intensive  vegetable  gardening  occasions  a condition  which  approaches 
bare  fallow;  and  it  has  been  conclusively  proved  that  bare  fallow, 
while  usually  bringing  about  increased  yields  in  the  crops  immedi- 
ately following,  results  eventually  in  decidedly  decreased  yields,  be- 

1A  revision  of  a paper  read  at  the  Forty-first  Annual  Convention  of  the 
Horticultural  Society  of  Central  Illinois,  at  Peoria,  Illinois,  November,  .1913. 
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cause  of  its  destructive  effect  on  the  nitrogen  and  organic  matter  of 
the  soil. 

The  market  gardener  usually  operates  on  land  of  high  fertility. 
Within  recent  years,  it  has  become  well  understood  that  the  organisms 
living  in  the  soil  play  a far  greater  role  in  its  fertility  than  has  been 
heretofore  supposed.  It  is  also  known  that  the  prodigality  of  this 
life  increases  with  the  amount  of  actively  decaying  organic  matter, 
other  things  being  equal.  That  this  factor  alone  adds  many  compli- 
cations to  the  problem  cannot  be  disputed. 

Experienced  gardeners  realize  the  importance  of  rich  soil,  and  do 
not  hesitate  to  fertilize  heavily.  Applications  of  20  to  40  tons  of 
manure  to  the  acre  annually  are  not  at  all  uncommon.  Besides  this, 
large  expenditures  are  often  made  for  commercial  fertilizers.  The 
statistics  of  Massachusetts  show,  for  instance,  that  during  a period 
of  ten  years  the  market  gardeners  spent,  on  an  average,  $76  per  acre 
annually  for  manures.  Many  individual  gardeners  thruout  the  coun- 
try spend  several  times  this  amount.  Such  large  outlays  in  fertilizers 
are  not  feasible  in  general  farming,  where  the  product  is  commonly 
not  worth  more  than  $25  to  $50  to  the  acre ; but  they  are  feasible  and 
profitable  in  intensive  market  gardening,  where  the  product  is  some- 
times worth  $500  to  $1000  per  acre.  The  gardener  can  profitably  use 
amounts  and  forms  of  fertilizers  and  methods  of  applying  them  that 
the  general  farmer  could  not  possibly  afford.  The  fact  is  that  in  long- 
continued  successful  market  gardening,  the  original  fertility  content 
of  the  soil  is  often  a matter  of  minor  importance  in  comparison  with 
the  fertility  applied. 

The  various  factors  mentioned,  and  others  which  might  be  enu- 
merated, make  the  fertility  problem  in  vegetable  growing  a distinct 
one  in  itself. 

THE  GENERAL  PRINCIPLES  OF  PLANT  NUTRITION 

Ten  elements,  or  fundamental  substances,  are  necessary  for  the 
growth  of  plants.  These  are  carbon,  oxygen,  hydrogen,  calcium,  mag- 
nesium, sulfur,  iron,  nitrogen,  phosphorus,  and  potassium.  None  of 
our  agricultural  plants  can  grow  without  all  of  these.  The  three  ele- 
ments carbon,  hydrogen,  and  oxygen  constitute  90  to  95  percent  of 
the  bulk  of  most  mature  crops,  yet  plants  are  able  to  secure  these  in 
unlimited  amounts  (except  during  drought)  from  air  and  water.  Cal- 
cium, magnesium,  sulfur,  and  iron  are  used  by  garden  plants  in  small 
quantities,  and  as  most  garden  soils  contain  them  in  relatively  large 
amounts,  their  importance  becomes  insignificant.  The  elements  nitro- 
gen, phosphorus,  and  potassium,  however,  are  used  in  considerable 
quantities,  and  as  the  supply  of  these  is  usually  limited,  they  become 
the  controlling  factors  in  crop  production.  Indeed,  it  is  generally  con- 
ceded that  the  supplying  of  these  three  elements  to  the  soil  in  sufficient 
amounts  and  proper  forms,  together  with  favorable  physical  condi- 
tions, constitutes  the  entire  problem  of  soil  enrichment. 
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LOSSES  OF  FERTILITY  IN  VEGETABLE  GROWING 

In  order  to  comprehend  fully  the  nature  of  the  fertility  problem 
as  related  to  vegetable  growing,  it  is  well  to  consider  first  the  extent 
and  sources  of  the  losses  of  fertility  from  vegetable  soils;  for  it  is 
recognized  that  for  continued  successful  crop  production,  it  is  neces- 
sary to  return  to  the  soil,  in  some  way  or  other,  as  much  fertility  as 
is  removed  by  the  various  agencies  at  work.  Losses  occur  thru  crop 
removals,  by  drainage  and  leaching,  and  by  oxidation  of  the  nitrogen 
and  organic  matter. 

Losses  in  Crop  Removals 

In  Table  1,  the  amounts  and  commercial  values  of  the  three  limit- 
ing elements  removed  per  acre  by  several  important  vegetable  and 
farm  crops  are  presented. 


Table  1. — Fertility  Kemoved  per  Acre  by  Important  Vegetables  and 

Farm  Crops1 


Crop 

Estimated 

yield 

Plant  food  removed 

Value  of 
fertility 
removed2 

Nitrogen 

Phosphorus 

Potassium 

lbs. 

lbs. 

lbs. 

Potato 

150 

bu. 

30.6 

6.3 

43.2 

$ 9.34 

Sweet  potato 

200 

} t 

24.0 

3.5 

30.7 

6.99 

Turnip 

800 

t } 

79.2 

13.2 

105.6 

23.50 

Carrot 

500 

) > 

55.0 

12.5 

62.5 

15.00 

Parsnip 

600 

> > 

160.0 

24.0 

135.0 

42.90 

Onion 

600 

> > 

92.3 

20.6 

72.2 

24.85 

Lettuce 

10000 

lbs. 

23.0 

3.0 

30.1 

6.71 

Asparagus 

3600 

) } 

11.5 

1.4 

3.6 

2.66 

Cabbage 

12 

tons 

72.0 

12.0 

86.4 

20.78 

Tomato 

500 

bu. 

48.0 

6.6 

67.2 

14.29 

Cucumber 

500 

) > 

40.0 

12.5 

50.0 

12.25 

Corn 

100 

a 

100.0 

17.0 

19.0 

22.84 

Wheat 

50 

> > 

71.0 

12.0 

13.0 

16.18 

Oats 

75 

) > 

49.5 

8.3 

12.0 

11.45 

Compiled  chiefly  after  Wolf  and  Goessman. 


2In  computing  the  values,  20  cents  per  pound  has  been  allowed  for  the  nitro- 
gen, 10  cents  for  the  phosphorus,  and  6 cents  for  the  potassium.  These  are  the 
approximate  prices  prevailing  at  present  for  the  three  elements  in  nitrate  of 
soda,  steamed  bone  meal,  and  potassium  sulfate. 

It  should  be  noted  that  the  yields  assigned  to  the  vegetables  are 
for  the  most  part  conservative,  while  in  the  case  of  the  three  farm 
crops,  maximum  yields  have  been  allowed.  But  even  comparing  the 
figures  as  they  stand,  it  will  be  seen  that  vegetables  remove  large 
amounts  of  the  three  limiting  elements  from  the  soil, — in  all  proba- 
bility more  than  the  ordinary  farm  crops.  Generally  speaking,  vege- 
tables do  not  remove  as  much  nitrogen  as  the  farm  crops;  there  is 
practically  no  difference  in  the  amounts  of  phosphorus  used;  and 
vegetables  remove  much  more  potassium  than  general  farm  crops. 
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Parsnips  are  particularly  heavy  feeders,  the  money  value  of  the  fer- 
tilizing constituents  contained  in  a 600-bushel  crop  being,  at  com- 
mercial prices,  $42.90.  Turnips,  cabbage,  and  onions  are  also  rather 
heavy  feeders.  Lettuce  and  asparagus,  which  are  often  a gardener’s 
most  profitable  crops,  are  very  light  feeders.  The  root  crops,  in  gen- 
eral, remove  large  amounts  of  potassium  from  the  soil. 

The  figures  in  Table  1 account  for  the  removal  of  but  a single 
crop  in  a season.  The  vegetable  grower,  however,  commonly  removes 
two,  and  sometimes  three,  crops  in  a season.  For  instance,  the  grow- 
ing of  a crop  of  both  early  cabbage  and  late  turnips  is  perfectly 
feasible  and  often  practiced.  These  two  crops,  with  the  yields  given 
in  the  table,  would  remove  from  the  land,  151.2  pounds  of  nitrogen, 
25.2  pounds  of  phosphorus,  and  192  pounds  of  potassium,  the  total 
value  at  current  prices  being  $44.28.  A 100-bushel  corn  crop,  on  the 
other  hand,  would  remove  in  the  grain  100  pounds  of  nitrogen,  17 
pounds  of  phosphorus,  and  19  pounds  of  potassium,  worth  $22.84.  It 
is  apparent,  from  these  figures,  that  vegetables  make  heavy  drains 
upon  the  fertility  of  the  soil. 

Losses  by  Drainage  and  Leaching 

If  the  fertility  removed  in  the  crops  constituted  the  total  loss 
from  the  soil,  the  problem  would  not  be  so  difficult,  but  unfortunately 
serious  losses  occur  thru  other  channels  as  well.  Any  fertility  exist- 
ing in  soluble  form  is  likely  to  be  lost  at  any  time  in  drainage  waters 
and  by  leaching  downward  thru  a loose  subsoil.  The  amount  lost  in 
this  way  depends  upon  the  soluble  fertility  present,  the  amount  of 
water  leaving  the  land,  either  by  surface  or  tile  drainage,  and  the 
character  of  the  subsoil, — whether  “open”  or  ft tight.”  More  soluble 
fertility  exists  in  summer  than  in  winter,  and,  except  in  places  where 
the  winters  are  fairly  mild  and  open,  as  in  southern  Illinois,  drainage 
and  leaching  are  most  active  at  that  time. 

The  amount  of  phosphorus  lost  by  drainage  and  leaching  is  gen- 
erally conceded  to  be  small,  as  little  of  it  exists  in  soluble  form  at 
any  time.  Potassium  is  lost  in  larger  amounts.  Most  soils  contain 
large  amounts  of  this  element,  but  practically  all  of  it  exists  in  very 
insoluble  forms ; hence  the  loss  of  even  part  of  the  small  amount  ex- 
isting in  soluble  condition,  wThich  is  the  only  kind  plants  can  use,  is 
of  vital  significance  to  the  gardener. 

The  greatest  loss  of  fertility  by  drainage  and  leaching  is  in  the 
nitrogen.  This  is  the  most  deficient  of  the  three  elements  in  a great 
many  vegetable  soils,  and  especially  in  those  which  have  been 
cropped  without  much  attention  to  fertilizing.  It  is  also  the  most  ex- 
pensive to  supply,  costing  in  commercial  forms  about  twenty  cents  a 
pound.  That  much  nitrogen  is  lost  in  this  way  is  proved  by  experi- 
mental evidence  from  several  sources.  The  most  complete  tests  have 
been  made  by  Lawes  and  Gilbert  at  Rothamsted,  England.  During 
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four  years  they  found  that  the  drainage  thru  40  inches  of  soil  from 
land  receiving  15.7  tons  of  manure  annually  contained,  on  an  average, 
16.27  pounds  of  nitrogen  per  million  pounds  of  water.  Unfortunately, 
the  amount  of  drainage  from  this  land  was  not  measured.  From  un- 
cropped land,  however,  the  average  drainage  for  31  years  was  14.73 
inches,  but  it  was  not  likely  so  great  as  this  from  the  cropped  land. 
Granting  a drainage  of  10  inches,  which  is  their  estimate  from  the  or- 
dinary cropped  land  at  Rothamsted,  the  above  amount  would  result  in 
a loss  of  36.6  pounds  of  nitrogen  per  acre  annually.  The  average  an- 
nual rainfall  at  Rothamsted  is  28.02  inches,  while  in  Illinois  it  varies 
from  33.48  inches  in  the  northern  part  to  42.19  inches  in  the  southern 
part,  the  average  for  the  state  being  37.39  inches.1  Thus  the  drainage 
from  Illinois  soils  is  likely  much  greater  than  from  thoso  at  Rotham- 
sted. Furthermore,  a greater  quantity  of  manure  than  15.7  tons  per 
acre  annually  is  often  used  on  garden  soils  in  Illinois.  There  is,  there- 
fore, a probability  of  much  greater  loss  of  nitrogen  from  Illinois  gar- 
den soils  by  drainage  and  leaching  than  occurred  in  the  investigations 
described  above. 

Losses  of  Organic  Matter  and  Nitrogen  by  Oxidation 

Besides  the  losses  of  nitrogen  in  crop  removals,  in  drainage 
waters,  and  by  leaching,  there  is  a large  loss  by  oxidation  of  the  humus 
of  the  soil,  which  is  organic  matter  in  an  advanced  stage  of  decay. 
The  loss  by  this  means  can  best  be  understood  and  appreciated  by  re- 
flecting how  quickly  a pile  of  weeds  or  other  organic  substance  dis- 
appears. We  say  it  “rots.”  In  chemical  terms  we  call  the  process 
“oxidation,”  and  it  consists  in  a combining  of  the  substances  com- 
posing the  rubbish  with  the  oxygen  of  the  air.  Most  of  the  com- 
pounds formed  are  gases  and  pass  off  into  the  air.  All  dead  plant 
and  animal  substances,  including  the  humus  of  the  soil,  are  subject 
to  oxidation.  The  more  contact  there  is  with  the  air,  other  things 
being  equal,  the  more  rapidly  oxidation  proceeds.  Humus  contains 
from  90  to  95  percent  of  the  nitrogen  of  the  soil,  and  about  one- 
sixteenth  of  the  humus  is  nitrogen ; hence,  anything  which  affects  the 
humus  affects  the  nitrogen  also.  The  immense  amount  of  tillage  nec- 
essary in  vegetable  growing  is  constantly  bringing  the  humus,  nearly 
all  of  which  is  contained  in  the  surface,  or  plowed  soil,  into  contact 
with  the  air,  about  one-fifth  of  which  is  oxygen.  Under  these  condi- 
tions the  loss  of  humus  and  nitrogen  by  oxidation  must  proceed  at  a 
rapid  rate.  Furthermore,  vegetable  crops  shade  the  ground  but  little, 
and  the  free  movement  of  the  air  and  the  direct  action  of  the  sun  aid 


Til.  Agr.  Exp.  Sta.  Bui.  86. 
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the  process.  It  would  be  difficult  to  determine  just  how  much  loss 
occurs  in  this  way,  but  that  it  is  large  there  can  be  no  doubt.1 

How  to  Check  the  Losses  of  Fertility 

The  losses  of  fertility  in  crops  sold  from  the  land  cannot  be 
checked,  and  no  one  desires  that  they  should  be.  Losses  in  drainage 
waters  and  by  leaching,  however,  can  be  checked  to  a certain  extent 
by  proper  methods.  The  land  should  be  so  handled  that  surface  drain- 
age will  be  reduced  to  a minimum.  On  rolling  land,  plowing  should 
be  done  in  contour  fashion,  so  that  the  furrows  will  extend  crosswise 
of  the  slope  rather  than  up  and  down  it.  In  planting,  the  rows  should 
also  extend  crosswise  of  the  slope.  It  is  a good  plan  to  plow  the  land 
(unless  it  is  hilly)  in  the  fall,  and  to  leave  it  “ rough’ ’ thru  the 
winter,2  as  this  will  lessen  the  surface  drainage. 

When  the  land  is  not  needed  for  a regular  crop,  it  is  far  better 
to  sow  it  to  a cover  crop  than  to  leave  it  bare.  Tliruout  the  grow- 
ing season,  the  soil  organisms  are  constantly  converting  nitrogen  into 
soluble  forms  by  a process  called  nitrification ; and  other  plant  food 
is  becoming  soluble  because  of  other  influences.  Much  of  this  plant 
food,  as  it  becomes  soluble,  will  be  absorbed  by  a growing  crop,  but 
if  the  land  is  left  bare,  this  plant  food  is  largely  lost  by  drainage  and 
leaching.  The  Kothamsted  drainage  experiments  cited  show  that  a 
much  larger  amount  of  nitrogen  existed  in  the  drainage  waters  when 
the  land  was  bare  than  when  occupied  by  a growing  crop.  From  an- 
other source,3  it  is  reported  that  the  loss  of  nitrogen  was  twenty  times 
greater  from  bare  land  than  from  land  occupied  by  rape  or  grass. 
These  differences  were  no  doubt  due  to  the  fact  that  the  growing 
crops  had  absorbed  most  of  the  soluble  nitrogen,  while  it  was  largely 
lost  from  the  bare  land  by  drainage  and  leaching.  The  fertility  gath- 
ered in  this  way  by  cover  crops  will,  of  course,  be  returned  to  the 
soil  when  they  are  plowed  under. 

Not  a great  deal  of  the  loss  of  organic  matter  by  oxidation  can 
be  prevented.  Crops  must  be  well  cultivated ; however,  there  should 

1Tliese  losses  of  fertility  are  partly  balanced  by  small  gains  thru  natural 
causes  which  should  be  mentioned,  but  which,  so  far  as  is  known,  are  of  no 
practical  significance  in  solving  the  problem.  Investigations  from  a number  of 
sources  indicate  that  probably  from  5 to  10  pounds  of  nitrogen  are  brought  to 
the  earth  in  rain  water  annually.  There  are  some  indications  that  where  legumes 
are  grown  the  tubercle  barteria  continue  to  fix  a small  amount  of  nitrogen  in  the 
soil  after  the  death  of  their  hosts.  Soil  organisms  called  azotobacter  fix  some 
atmospheric  nitrogen  besides  that  collected  by  the  legume  bacteria.  While  the 
gain  from  these  sources  is  a help,  it  is  generally  believed  to  be  of  little  signifi- 
cance in  solving  the  nitrogen  problem. 

2There  would  be  exception  to  this  in  the  case  of  land  to  be  devoted  to  early 
crops,  which  will  dry  out  earlier  if  worked  to  a smooth  surface  after  plowing  in 
the  fall. 

3Del.  Exp.  Sta.  Bui.  60,  p.  29. 
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be  no  more  cultivation  than  is  necessary  to  conserve  moisture  and  de- 
stroy weeds.  Cover  crops,  besides  locking  in  their  tissues  soluble 
plant  food,  as  mentioned  above,  will  aid  in  checking  oxidation  by 
shading  the  soil  and  by  hindering  the  movement  of  the  air  at  the 
surface.  Furthermore,  when  turned  under,  they  will  aid  in  replen- 
ishing the  supply  of  organic  matter  in  the  soil. 

Probable  Losses  of  Fertility  Annually 

After  all  feasible  precautions  have  been  taken  to  check  the  losses 
of  fertility  from  the  soil,  it  will  be  found  that  large  losses  still  occur. 
Minnesota  experiments  (Minnesota  Bulletin  53)  indicate  that  for  24.5 
pounds  of  nitrogen  removed  annually  per  acre  in  the  crops  in  con- 
tinuous wheat  raising,  a total  of  171  pounds  per  acre  was  lost  from 
the  land.  There  were  certain  circumstances  in  these  experiments 
which  might  admit  of  the  figures  being  somewhat  at  error,  but  even 
granting  some  discrepancy,  the  results  are  very  significant.  After 
further  tests  by  the  same  station  (Minnesota  Bulletin  94),  it  was  con- 
cluded that  from  three  to  five  times  as  much  nitrogen  is  lost  from  the 
soil  annually  as  is  removed  in  crops.  In  Canada1  Professor  Shutt 
found  that  in  twenty-two  years,  during  which  time  six  crops  of  wheat, 
four  of  barley,  and  three  of  oats  were  grown,  with  nine  fallows  inter- 
posed, practically  one-third  of  the  nitrogen  content  of  the  soil  to  a 
depth  of  eight  inches  was  lost. 

There  are  no  investigations  known  to  the  writer  which  indicate 
the  loss  of  fertility  in  vegetable  growing,  and  it  is  more  or  less  hazard- 
ous to  make  an  estimate.  Taking  everything  into  consideration,  how- 
ever, it  will  certainly  be  within  the  facts  to  assume  that  where  vege- 
tables are  grown  on  an  intensive  basis,  there  is  an  average  annual  loss 
per  acre  of  200  pounds  of  nitrogen,  25  pounds  of  phosphorus,  and  100 
pounds  of  potassium.  The  stock  of  these  elements,  especially  that  of 
nitrogen  and  phosphorus,  is  none  too  large  to  begin  with,  even  in  our 
best  soils.  Plants  can  use  each  year  only  a very  small  part  of  that 
which  is  present,  probably  not  over  y2  to  1 percent.  Hence,  it  re- 
quires only  the  simplest  kind  of  reasoning  to  convince  one  that  for 
the  continued  production  of  profitable  crops,  we  must  supply  to  the 
soil,  in  some  way,  as  much  fertility  as  is  removed.  If  we  are  to  in- 
crease the  productivity  we  must  supply,  at  least  for  a while,  more 
than  this  amount. 

SUPPLYING  FERTILITY  TO  THE  SOIL 

The  supplying  of  fertility  to  the  soil  is  not  merely  a matter  of 
furnishing  fertilizers  carrying  a sufficient  amount  of  the  elements  to 
offset  the  needs,  either  in  vegetable  or  any  other  kind  of  crop  pro- 
\Report  of  Dominion  Experiment  Farms,  1905. 
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duction.  The  amount  and  form  of  fertilizer  used  and  the  type  and 
condition  of  the  soil  have  an  important  bearing  on  the  matter.  This 
is  especially  true  in  vegetable  gardening,  where  so  many  of  the  plants 
grown  are  peculiarly  sensitive  to  surrounding  conditions. 

Nitrogen  and  Organic  Matter 

The  nitrogen  and  organic  matter  are  so  closely  associated  that 
they  can  scarcely  be  discussed  separately.  Nitrogen  has  much  to  do 
with  the  vegetative  growth  or  size  of  a plant.  Organic  matter  has 
many  offices  in  the  soil.  It  gives  “life”  to  the  soil;  it  improves  the 
texture ; it  increases  the  water-holding  capacity ; it  makes  soils  more 
resistant  to  drought;  it  darkens  the  color  of  light  soils  and  makes 
them  warmer  in  early  spring;  it  promotes  the  growth  of  organisms 
engaged  in  making  insoluble  plant  food  soluble ; it  contains  from  90 
to  95  percent  of  the  nitrogen  of  the  soil ; and  thru  its  decay  it  renders 
mineral  forms  of  fertility  available  for  plant  use.  Its  presence  in 
large  amounts  is  absolutely  imperative  if  success  is  to  be  attained  in 
the  use  of  commercial  fertilizers.  The  excessive  use  of  commercial 
fertilizers  on  soils  deficient  in  organic  matter  is  responsible  in  a large 
degree  for  “soil  sickness,”  “malnutrition,”  and  the  “physiological 
diseases”  that  are  becoming  so  common  in  some  trucking  sections  of 
the  country.  In  view  of  the  importance  of  organic  matter  and  nitro- 
gen, and  the  fact  that  large  amounts  of  these  are  lost  from  vegetable 
soils,  as  already  explained,  gardeners  should  direct  especial  attention 
toward  maintaining  a plentiful  supply  of  both  in  the  soil.  Organic 
matter  and  nitrogen  may  be  provided  by  plowing  under  manure,  crop 
refuse,  and  crops  grown  for  that  purpose.  Peat,  muck,  and  other 
materials  rich  in  organic  matter  may  be  used  where  available.  In 
addition,  nitrogen  may  be  furnished  by  commercial  fertilizers. 

MANURE,  ITS  CARE  AND  USE 

Manure  is  without  doubt  the  best  general  fertilizer  for  vegetable 
crops,  tho  it  can  usually  be  supplemented  profitably  by  such  fertilizers 
as  bone  meal,  rock  phosphate,  and  potassium  sulfate.  A ton  of  ordi- 
nary barnyard  manure  contains  about  10  pounds  of  nitrogen,  3 pounds 
of  phosphorus,  and  8 pounds  of  potassium.  Its  composition  varies 
much,  according  to  its  moisture  content  and  to  the  kind  of  animals  and 
the  feed  they  receive.  Besides  the  fertilizing  elements,  manure  supplies 
a large  amount  of  the  very  best  kind  of  organic  matter.  A small  quan- 
tity of  actively  decaying  organic  matter,  as  is  furnished  in  manure,  is 
often  more  effective  in  the  soil  than  a much  greater  amount  of  older 
and  less  active  organic  matter.  Manure  also  exerts  a marked  stimulat- 
ing influence  on  soils  at  times.  There  are  instances  on  record  in  which 
the  increase  alone  in  the  yields  caused  by  manure  contained  mere  of 
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certain  elements  than  was  supplied  by  the  manure.  Such  occurrences 
are  no  doubt  due  to  its  effect  in  releasing  insoluble  forms  of  fertility 
in  the  soil.  Manure,  therefore,  is  valuable  both  for  the  elements  it 
carries  and  for  its  favorable  physical  and  chemical  effects. 

While  every  gardener  recognizes  the  value  of  manure,  the  proper 
care  of  it  is  not  always  understood.  The  waste  of  manures  in  vege- 
table growing  is  tremendous.  It  is  a common  practice  to  haul  manure 
from  cars  or  from  the  city  and  to  place  it  in  great  piles  along  the 
roadside  or  in  fields,  leaving  it  there  for  weeks;  to  allow  it  to  lie  on 
the  soil  for  a long  time  before  plowing  it  under ; and  to  throw  it  out 
in  the  barnyard  to  lie  over  winter.  These  practices  are  all  very  waste- 
ful -and  should  be  avoided.  The  Ohio  Experiment  Station1  found 
that  in  three  months  (from  January  to  April)  38.75  percent  of  the 
organic  matter,  30.29  percent  of  the  nitrogen,  23.76  percent  of  the 
phosphorus,  and  58.84  percent  of  the  potassium  were  lost  from  manure 
placed  in  flat  piles  in  the  barnyard.  At  the  Maryland  Station2  eighty 
tons  of  manure  allowed  to  lie  in  an  uncovered  pile  were  reduced  to 
27  tons  at  the  end  of  the  year’s  time.  At  the  New  York  Cornell  Sta- 
tion 4000  pounds  of  horse  manure  decreased  to  1770  pounds  from 
April  25  to  September  22,  and  its  fertilizing  elements  decreased  in 
value  during  the  same  time  from  $5.48  to  $2.03.  In  another  Cornell 
test  lasting  six  months,  exposed  manure  lost  56  percent  in  weight  of 
dry  matter  and  43  percent  in  plant-food  value.  In  Canada,  two  tons 
of  manure,  containing  1938  pounds  of  organic  matter,  were  exposed 
from  April  29  to  August  29, — four  months.  The  organic  matter  was 
reduced  during  that  time  to  655  pounds,  and  the  nitrogen  content 
decreased  from  48.1  pounds  to  27.7  pounds. 

Thus  it  is  seen  that  manure  deteriorates  rapidly  under  improper 
methods  of  management.  Fortunately,  most  of  this  loss  can  be  pre- 
vented. Broadly  speaking,  the  greatest  proportion  of  fertility  is  con- 
served when  the  manure  is  applied  in  the  freshest  condition  possible 
and  plowed  under  immediately.  It  would  be  unwise,  however,  to  use 
fresh  manure  in  large  quantities  just  before  planting  in  spring  or 
summer.  The  ideal  method  is  to  apply  and  plow  under  all  manure 
in  the  fall,  for  it  will  then  rot  before  spring  and  no  evil  results  are 
likely  to  follow.  But  it  is  rarely  possible  to  follow  this  plan  exclu- 
sively, for  in  practical  market  gardening,  manure  must  be  secured 
when  available,  which  may  be  at  any  time  of  the  year. 

The  horse  manure  produced  at  home  should  not  be  allowed  to  ac- 
cumulate in  the  stalls  for  longer  than  a few  days  at  a time.  Prefera- 
bly it  should  be  applied  as  soon  as  possible  after  being  made  and  should 
be  plowed  under  at  the  first  opportunity.  At  times  when  the  land  is 
occupied  by  growing  crops,  the  manure  is  best  conserved  by  placing 


aOhio  Exp.  Sta.  Bui.  183,  p.  205. 

2Md.  Exp.  Sta.  Bui.  122,  p.  137, 
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it  under  cover  or  in  a basin  or  pit  in  the  barnyard.  If,  in  addition,  it 
can  be  firmly  packed,  and  saturated  with  water  occasionally,  the  losses 
will  be  reduced  to  the  minimum  under  the  circumstances.  It  is  well 
to  apply  and  plow  under  such  manure  as  soon  as  possible. 

Manure  obtained  during  the  winter  should  not  be  stored  in  large 
piles.  Neither  should  it  be  dropped  in  small  piles  about  the  fields,  as 
is  so  often  done.  It  is  best  to  broadcast  it  as  hauled.  Preferably,  it 
should  be  used  on  land  that  is  not  to  be  planted  to  early  spring  crops, 
for  manure  applied  during  winter  often  greatly  interferes  with 
the  drying  out  and  warming  of  the  soil  in  the  spring  and  delays  the 
planting.  Land  intended  for  early  crops  should  be  manured  in  the 
fall  and  plowed  in  narrow  “lands,”  in  ridge  fashion.  It  is  also  well 


Fig.  1. — Manure  Left  Lying  by  the  Roadside — a Too  Common  Practice  in 

Southern  Illinois 


to  use  manure  secured  in  winter  on  level  rather  than  on  rolling  lands, 
for  less  loss  by  drainage  will  then  occur.  Rolling  lands  are  usually 
best  treated  by  manuring  and  plowing  in  the  fall. 

It  often  becomes  necessary,  because  of  contracts  and  other  reasons, 
to  haul  manure  during  the  summer.  Its  handling  at  this  time  is  an 
important  matter,  and  one  in  which  many  costly  mistakes  are  made. 
If  possible,  the  manure  should  be  applied  to  a vacant  area  not  needed 
for  another  crop,  and  plowed  under  immediately.  But  all  the  land 
is  sometimes  occupied  with  crops,  and  some  other  disposition  must  be 
made.  The  best  way  to  treat  such  manure  is  to  place  it  in  flat  piles 
not  over  three  or  four  feet  in  depth,  pack  it  down  thoroly,  and  soak 
it  with  water  every  week  or  two.  Crop  remains  and  other  refuse  are 
often  mixed  with  the  manure  in  composting.  Sometimes,  soil  and 
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manure  are  placed  in  alternate  layers.  These  treatments  aid  in  check- 
ing fermentation  and  probably  effect  a saving  in  the  manure. 

In  traveling  thru  the  trucking  district  of  southern  Illinois,  one 
often  sees  great  piles  of  manure  along  the  roadside.  It  is  placed  there 
as  hauled  from  the  cars,  usually  when  the  roads  are  bad  or  during 
summer  when  the  land  is  occupied.  Sometimes,  when  the  hauling 
distance  is  great,  it  is  unloaded  a short  distance  from  town  in  order 
to  empty  the  car  in  the  required  time.  But  the  significant  point  is 
that  it  is  often  left  in  such  places  for  weeks.  This  is  a very  wasteful 
practice  and  should  be  avoided  when  at  all  possible.  If  the  manure 
cannot  be  hauled  directly  to  the  field  and  spread  out,  it  should  be 
piled  inside  the  field  in  preference  to  unloading  it  on  the  roadside.  If 
it  must  be  placed  on  the  roadside,  it  should  be  left  there  for  the  short- 
est time  possible. 

When  the  supply  of  manure  is  limited,  the  question  arises  as  to 
how  to  make  the  best  use  of  the  amount  at  hand.  This  is  often  the 
case  the  first  two  or  three  years  vegetables  are  being  grown  on  a piece 
of  land,  and  before  there  has  been  sufficient  time  to  build  it  up  in 
fertility.  In  such  cases,  better  results  as  a whole  will  ordinarily  be 
secured  by  spreading  the  manure  out  thinly  over  a relatively  large 
area  than  by  applying  it  heavily  to  a small  patch.  With  some  crops, 
chief  among  which  are  melons  and  cucumbers,  the  manure  can  be 
made  to  reach  much  further  by  applying  it  under  the  hills.  In  ex- 
periments conducted  by  this  station1  with  muskmelons  in  southern 
Illinois,  larger  yields  were  obtained  from  4.5  tons  per  acre  of  rotted 
manure  applied  under  the  hills  than  from  16.5  tons  applied  broad- 
cast before  plowing.  It  should  be  emphasized  that  manure  used  in 
this  way  should  be  thoroly  rotted,  for  undecomposed  manure  applied 
under  hills  almost  invariably  causes  injury  by  its  ‘ ‘burning’ ’ effect. 
There  may  be  exception  to  this,  however,  during  a cool,  moist  season. 
Manure  used  under  hills  should  always  be  thoroly  compacted  before 
planting  the  crop. 

The  composting  of  manure  is  such  a common  practice  among  vege- 
table growers  that  it  warrants  specific  attention.  Many  of  the  older 
publications  on  vegetable  gardening  place  great  emphasis  on  the  super- 
iority of  composted  manure,  and  we  find  many  gardeners  composting 
all  or  nearly  all  of  the  manure  used.  The  process  consists  in  placing 
the  manure  in  flat-topped  piles  three  or  four  feet  in  depth  (just  deep 
enough  to  prevent  heavy  rains  from  soaking  thru  and  leaching  out  the 
plant  food),  and  forking  it  over  every  week  or  two.  Water  is  often 
used  in  addition.  The  result  is  that  fermentation  is  greatly  increased 
for  a time,  and  that  a uniform  degree  of  decay  is  secured  thruout  the 
pile.  The  rotted  manure  obtained  by  this  treatment  is  very  valuable 
for  hotbed  and  greenhouse  work  and  for  use  under  the  hills  of  some 
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irops  in  the  field,  and  it  may  be  applied  during  spring  and  summer 
with  less  danger  of  injury  than  fresh  manure.  One  should  bear  in 
mind,  however,  that  even  with  the  best  management  a large  loss  of 
fertilizing  value  occurs  in  composting,  as  already  shown.  It  is  no 
doubt  advisable  for  gardeners  to  compost  sufficient  manure  (and  it  is 
best  to  use  manure  secured  during  summer,  since  this  is  the  most  dif- 
ficult to  conserve)  to  meet  their  needs  for  the  purposes  above  men- 
tioned, for  even  tho  quite  a loss  of  plant  food  occurs,  nothing  can  take 
its  place  for  such  work.  From  the  standpoint  of  the  most  economic 
use  of  the  fertilizer  at  hand,  however,  composting  is  very  wasteful  of 
plant  food  and  should  be  avoided  as  a general  practice. 


THE  USE  OF  CROP  REFUSE  AND  COVER  CROPS 

Manure  is  without  doubt  the  best  general  fertilizer  for  the  vege- 
table grower;  and  where  it  can  be  obtained  at  a reasonable  figure,  it 
is  best  to  depend  chiefly  upon  it,  tho  in  any  case  its  value  may  usually 


Fig.  2. — The  Disk-iiarrow  is  a Useful  Implement  for  Cutting  Up  Crop  Re- 
mains Preparatory  to  Plowing  Them  Under 


be  enhanced  by  the  use  of  the  proper  commercial  fertilizers  in  con- 
junction, as  will  be  described  later.  In  intensive  market  gardening, 
where  the  land  is  nearly  always  high  in  value  and  must  be  occupied 
by  money  crops  thruout  the  growing  season,  manure  is  also  one  of  the 
cheapest  sources  of  fertility.  However,  in  less  intensive  work,  as  in 
truck  farming,  it  is  not  always  feasible  to  obtain  a sufficient  amount  of 
manure  to  meet  the  needs,  and  it  becomes  necessary  to  turn  to  other 
sources  for  the  nitrogen  and  organic  matter  requirements.  Fortu- 
nately, there  are  other  ways  by  which  these  may  be  secured. 
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Many  gardeners  remove  crop  remains  and  weeds  from  the  land 
or  burn  them.  Whatever  may  be  said  in  favor  of  these  methods  from 
other  standpoints,  they  are  bad  procedure  from  the  fertility  stand- 
point. All  the  nitrogen  and  organic  matter  contained  in  the  growth 
is  lost  to  the  soil  by  either  method.  Unless  it  is  absolutely  necessary, 
in  order  to  control  some  serious  disease,  injurious  insect,  or  weed, 
crop  refuse  and  weed  growth  should  never  be  removed  from  the  land. 
Instead,  they  should  be  plowed  into  the  soil,  and  in  such  cases  it  is 
well  to  plow  early  in  the  fall,  in  order  that  the  vegetation  will  have 
opportunity  to  rot  before  spring.  In  the  case  of  tomato  vines,  cab- 
bage stumps,  and  other  refuse  which  rots  slowly  in  the  soil,  it  is 
better  to  mix  them  with  manure  and  compost  them  until  disintegrated, 
than  to  burn  them  or  cast  them  into  a ditch. 


Fig.  3. — Weeds  Can  Sometimes  Be  Used  as  a Source  of  Organic  Matter 


The  amount  of  organic  matter  and  nitrogen  obtainable  from  crop 
refuse  and  weeds  (in  good  gardening)  is  at  best  small,  and  it  is  usu- 
ally necessary,  where  the  manure  supply  is  limited,  to  grow  cover 
crops  in  addition  in  order  to  maintain  the  supply  of  humus  in  the 
soil.  Many  gardeners  go  to  great  trouble  and  expense  in  hauling 
manure,  and  neglect  splendid  opportunities  to  grow  cover  crops.  With 
a little  attention  in  this  direction  they  could  easily  make  possible  the 
use  of  less  manure.  The  nature  of  the  gardening  business  makes  the 
use  of  cover  crops  an  extremely  practicable  and  inexpensive  method  of 
maintaining  the  supply  of  organic  matter  in  the  soil.  Many  of  the  reg- 
ular crops  will  admit  of  cover  crops  being  sown  at  the  time  of  their  last 
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cultivation,  while  others  mature  early  enough  in  the  season  to  allow 
plenty  of  time  for  growing  a cover  crop  afterward. 

There  are  a number  of  cover  crops  well  adapted  for  growth  in 
connection  with  vegetables  in  Illinois.  Perhaps  the  most  important 
of  these  are  oats,  rape,  rye,  cowpeas,  soybeans,  and  hairy  vetch.  From 
the  standpoint  of  their  value  as  cover  crops  these  are  divided  into  two 
classes,  leguminous  and  non-leguminous. 

Oats,  rape,  and  rye  are  non-leguminous  crops,  and  in  this  con- 
nection are  valuable  only  for  the  organic  matter  they  furnish.  Oats 
grow  rapidly,  but  of  course  die  with  the  first  freeze,  and  should  there- 


Fig.  4. — Cowpea  Root  Showing  Nodules  in  Which  Live  the  Nitrogen- 
gathering Bacteria 


17 


fore  be  planted  early  enough  to  permit  them  to  make  a good  growth. 
Rape  requires  practically  the  same  conditions  as  oats.  It  is  best  to 
plow  under  both  of  these  crops  as  soon  as  destroyed  by  frost.  Rye 
possesses  certain  advantages  which  make  it  a valuable  cover  crop. 
It  may  be  sown  later  than  any  of  those  mentioned,  making  a fair 
growth  when  planted  as  late  as  October  1 to  15.  It  thrives  even  on 
poor  soils,  and  it  lives  thru  the  winter  without  difficulty.  When  rye 
is  used  for  soil  improvement,  it  should  be  turned  under  in  early 
spring,  for  it  robs  the  soil  of  moisture  if  allowed  to  remain  too  long 
and  in  addition  locks  in  its  tissues  plant  food  that  will  not  again  be 
available  for  plant  use  until  the  vegetation  has  rotted. 

Cowpeas,  soybeans,  and  hairy  vetch1  are  legumes.  These  crops 
not  only  furnish  organic  matter  when  turned  under,  but  they  are 
capable  of  adding  nitrogen  also.  Thru  bacteria  living  in  nodules  on 
their  roots  (see  Fig.  4)  they  are  capable  of  appropriating  free  nitro- 
gen from  the  air,  of  which  about  75  percent  is  nitrogen.  They  are, 
therefore,  more  desirable  cover  crops  than  oats,  rape,  and  rye  when 
they  can  be  grown.  The  amounts  of  organic  matter  and  nitrogen 
contained  in  crops  of  these  legumes  are  shown  by  tests  conducted  at 
the  Delaware  and  New  York  Cornell  Experiment  Stations. 

In  the  Delaware  tests,  sowings  of  these  three  legumes,  among 
others,  were  made  on  July  22.  Table  2 shows  the  amounts  of  dry 
matter  and  nitrogen  contained  in  the  growth  per  acre  in  November  of 
the  same  year.  The  tests  show  that  soybeans  made  practically  twice 
as  much  growth  and  contained  twice  as  much  nitrogen  as  cowpeas. 
Vetch  made  less  than  half  as  much  organic  matter  as  soybeans,  but 
contained  nearly  as  much  nitrogen,  since  it  was  richer  in  that  element 
than  the  soybeans. 


Table  2. — Dry  Matter  and  Nitrogen  in  Growth  per  Acre:1 
Delaware  Experiments 

(Expressed  in  pounds) 


Legume 

Dry  matter 

Nitrogen 

In  tops 

In  roots 

In  tops  and  roots 

Soybeans 

6790 

756 

140.2 

Cowpeas 

3718 

310 

69.5 

Hairy  vetch ! . . 

3064 

600 

121.2 

Compiled  from  Del.  Exp.  Sta.  Bui.  60. 


The  Cornell  tests  include  comparisons  of  cowpeas  and  vetch  only. 
The  following  amounts  of  dry  matter  and  nitrogen  were  contained  in 
the  growth  per  acre  from  seedage  on  July  18,  the  samples  being  taken 
November  10.  Naturally,  the  conclusions  were  that  vetch  was  the 
better  crop  to  grow  for  soil  improvement  purposes. 

1Crimson  clover  is  an  admirable  cover  crop  in  some  parts  of  the  country,  but 
\mfprtunately  this  plant  cannot  withstand  the  severe  winters  in  Illinois. 
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Table  3. — Dry  Matter  and  Nitrogen  in  Growth  per  Acre: 
Cornell  Experiments1 

(Expressed  in  pounds) 


T iPonimfl 

Dry  matter 

Nitrogen 

UCii  Lilli. 

In  tops 

In  roots 

In  tops  and  roots 

Hairy  vetch 

6824 

567 

256.1 

Cowpeas 

2622 

454 

52.6 

Compiled  from  N.  Y.  Cornell  Exp.  Sta.  Bui.  198. 


The  results  obtained  in  the  two  places  are  not  consistent,  but  the 
differences  are  no  doubt  due  to  differences  in  soil.  At  any  rate,  the 
results  from  both  places  serve  to  show  that  these  legumes  are  capable 
of  supplying  large  amounts  of  organic  matter  and  nitrogen  to  the 
soil.  'Which  of  the  three  is  the  best  to  grow  will  no  doubt  be  deter- 
mined largely  by  local  conditions. 

There  are,  however,  some  points  in  favor  of  vetch  which  are  not 
brought  out  by  the  above  figures.  It  should  be  noted  that  in  both 
cases  the  samples  of  all  the  crops  were  taken  in  the  fall.  But  vetch 
lives  thru  the  winter  and  makes  some  growth  during  mild  periods  and 
in  early  spring  before  it  is  turned  under,  while  cowpeas  and  soy- 
beans die  in  the  fall  with  the  first  hard  frost.  Thus,  in  the  above  tests, 
cowpeas  and  soybeans  had  completed  their  growth  and  ceased  opera- 
tions, while  vetch  had  not.  Another  point  in  favor  of  vetch  is  that 
it  is  better  adapted  for  sowing  between  many  vegetable  crops  before 
the  last  cultivation,  for  it  grows  slowly  at  the  start,  and  therefore 
offers  -little,  if  any,  competition  before  the  crop  reaches  maturity. 
Furthermore,  vetch  will  stand  the  tramping  necessary  in  harvesting 
the  regular  crop.  Everything  considered,  it  appears  that  hairy  vetch 
is  one  of  the  very  best  crops  which  can  be  grown  in  connection  with 
vegetables  in  Illinois  for  soil  improvement.  The  hairy  vetch  ( Vicia 
villosa)  is  the  only  one  that  will  live  thru  the  winter,  and  it  is  there- 
fore the  only  one  which  should  be  planted  in  this  state.  The  one  dis- 
couraging feature  about  the  use  of  vetch  is  the  high  price  of  the  seed. 

It  is  impossible  to  draw  any  direct  conclusions  as  to  whether  cow- 
peas or  soybeans  are  the  better.  'Where  soybeans  will  grow  well,  they 
are  the  better  crop  of  the  two,  for  they  make  a larger  growth,  bear 
about  ten  bushels  more  seed  to  the  acre,  and  are  not  so  injured  by  light 
frosts  as  cowpeas.  On  soils  fairly  rich  to  begin  with,  and  in  the  north- 
ern half  of  the  state,  soybeans  are  no  doubt  the  better  crop  to  grow. 
Ebony  is  a good  variety  for  the  southern  part  of  the  state,  and  Medium 
Yellow  (also  called  Iota  San)  for  the  northern  part.  Whippoorwill 
and  New  Era  are  good  varieties  of  cowpeas. 

Legumes  do  not  secure  all  the  nitrogen  they  contain  from  the  air, 
but  they  secure  a larger  percentage  when  the  soil  is  poor  in  that  ele- 
ment than  when  it  is  rich  in  it.  Cowpeas  appear  to  be  able  to  obtain 
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as  much  as  73  percent  of  their  nitrogen  from  the  air  under  certain 
conditions,  according  to  tests  made  by  this  station.1  Soybeans  do  not 
appear  capable  of  appropriating  such  a large  percentage.2  It  may  be 


Fig.  5. — Whippoorwill  Cowpeas 


safely  assumed  that,  as  a rule,  legumes  secure  from  one-third  to  two- 
thirds  of  their  nitrogen  from  the  air  under  favorable  conditions. 


1I11.  Agr.  Exp.  Sta.  Bui.  94. 

sWis.  Exp.  Sta.  Bpt.,  1907. 
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The  three  crops  mentioned — cowpeas,  soybeans,  and  hairy  vetch — 
seem  capable  of  appropriating  some  nitrogen  from  the  air  when  grown 
in  soils  which  contain  some  acid,  but  they  make  a distinctly  better 
growth,  and  undoubtedly  collect  more  nitrogen,  in  soils  which  have 
been  limed. 

The  soil  must  be  well  inoculated  with  the  proper  bacteria  if 
legumes  are  to  accomplish  the  best  results  in  gathering  nitrogen.  Fre- 
quently the  large  seeds  of  those  mentioned  have  sufficient  bacteria 
clinging  to  them  for  this  purpose;  but  it  is  wise,  when  a legume  is 
being  grown  on  the  land  for  the  first  time,  to  introduce  these  organ- 
isms artificially.  This  may  be  readily  accomplished  by  securing  soil 
from  an  area  which  has  recently  grown  a well-inoculated  crop  of  the 
legume  (indicated  by  an  abundance  of  nodules  on  the  roots),  and 
scattering  it  over  the  land  to  be  planted.  It  is  well  to  do  this  on  a 
cloudy  day,  and  to  harrow  or  disk  the  land  as  soon  as  possible  after 
the  application,  for  the  bacteria  are  quickly  killed  by  the  sun. 

It  is  generally  held  that  legumes  contain  as  large  a percentage 
of  nitrogen  when  they  are  in  full  bloom  as  they  ever  will  contain. 
So  far  as  their  nitrogen-gathering  power  is  concerned,  therefore,  it  is 
as  well  to  turn  them  under  at  this  time  as  at  any  other.  No  disad- 
vantage results,  however,  from  allowing  them  to  grow  longer. 

The  amount  of  nitrogen  which  legumes  can  collect  from  the  air 
depends,  therefore,  upon  the  legume  used,  the  amount  of  growth  made, 
the  amount  of  nitrogen  in  the  soil,  the  character  of  the  soil, — whether 
acid  or  neutral, — inoculation  with  the  proper  bacteria,  and  the  time 
the  crops  are  plowed  under.  Under  favorable  conditions,  the  legumes 
which  might  be  grown  in  connection  with  vegetables  (if  all  the  growth 
is  plowed  under)  could  probably  be  depended  upon  to  add  to  the 
soil  from  50  to  100  pounds  of  pitrogen  per  acre  in  a season.  In  addi- 
tion they  will  add  large  amounts  of  organic  matter.  Thus  it  will  be 
seen  that  these  crops  are  of  very  great  value  to  the  gardener  in  main- 
taining the  high  state  of  fertility  so  necessary  for  successful  vegetable 
growing. 

THE  USE  OF  COMMERCIAL  FORMS  OF  NITROGEN 

Besides  using  liberal  quantities  of  manure  and  paying  close  at- 
tention to  crop  refuse  and  cover  crops,  the  gardener  will  often  find 
commercial  forms  of  nitrogen  profitable.  The  following  are  among 
those  in  most  common  use. 


Table  4. — Important  Commercial  Forms  of  Nitrogen 


Pounds  nitrogen1 
per  ton 

Cost 
per  ten 

Cost  per 
pound 

Nitrate  of  soda 

310 

$60.00 

$ .193 

Dried  blood 

280 

54.50 

.194 

Sulfate  of  ammonia 

400 

75.00 

.187 

JThe  amount  of  nitrogen  varies,  of  course,  with  the  grade. 
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Generally  speaking,  nitrate  of  soda  is  the  most  desirable  form  of 
commercial  nitrogen  to  nse.  In  tests  by  Voorhees1  it  was  found  that 
a number  of  plants  recovered  from  the  soil,  on  an  average,  62.09  per- 
cent of  the  nitrogen  applied  in  nitrate  of  soda,  43.26  percent  of  that 
applied  in  sulfate  of  ammonia,  and  40  percent  of  that  applied  in 
dried  blood.  Several  other  prominent  investigators  report  similar  re- 
sults. These  figures,  besides  favoring  nitrate  of  soda,  show  that  a con- 
siderable part  of  the  nitrogen  applied  in  commercial  forms  is  never 
recovered  by  the  crop. 

Another  advantage  of  nitrate  of  soda  not  possessed  by  other  com- 
mercial forms  of  nitrogen  is  that  it  tends  to  correct  the  acidity  of 
the  soil.  While  its  help  in  this  direction  is  not  great,  it  is  well  to 
know  that  its  influence  is  on  the  right  side. 

Marked  benefit  commonly  follows  the  use  of  nitrate  of  soda  early 
in  the  spring  in  connection  with  very  early  crops.  This  is  due  to  the 
fact  that  plants  can  make  use  of  nitrogen  in  nitrate  form  immedi- 
ately, and  that  there  is  little  nitrate  nitrogen  in  the  soil  at  this  time 
of  the  year.  The  soil  organisms  engaged  in  changing  organic  and 
other  forms  of  nitrogen  to  soluble  or  nitrate  form  are  practically  in- 
active at  the  soil  temperatures  commonly  prevailing  in  early  spring. 
Below  50°  F.  their  action  is  practically  at  a standstill,  but  their  ac- 
tivity increases  with  the  temperature  up  to  about  100°  F.  Thus,  little 
nitrogen  is  becoming  available  during  early  spring,  and,  as  practi- 
cally all  of  the  small  amount  existing  in  the  soil  in  soluble  condition 
the  fall  before  has  been  lost  by  drainage  and  leaching  during  the 
winter,  nitrate  of  soda  will  supply  this  element  in  proper  form  at  a 
time  when  plants  cannot  obtain  a sufficient  amount  of  it  from  other 
sources  for  the  best  growth. 

Nitrate  of  soda  is  often  applied  in  relatively  large  amounts  for 
general  fertility  purposes  before  planting  the  crops,  but  it  is  better 
economy  to  use  this  form  for  top  dressing  to  the  growing  plants.  It 
is  instrumental  in  hastening  the  development  and  in  increasing  the 
size  of  the  specimens  in  certain  crops.  In  New  Jersey2  it  was  found 
that  in  soil  already  very  fertile,  and  to  which  liberal  amounts  of 
complete  commercial  fertilizer  were  applied  in  addition,  nitrate  of 
soda  applied  at  intervals  to  the  growing  crops  caused  very  marked 
increases  in  the  yields  of  cabbage,  celery,  tomatoes,  turnips,  and  pep- 
pers. Experiments  conducted  by  this  station,  at  Urbana,  on  brown 
silt  loam  heavily  manured  each  year  but  receiving  no  other  fertilizer, 
indicate  that  nitrate  of  soda  may  be  used  with  benefit  on  early  cab- 
bage, cauliflower,  radishes,  beets,  turnips,  and  spinach.  Tests  made  in 
several  places  indicate  that  lettuce  is  markedly  improved  by  the  nitrate 
except  when  the  soil  has  received  heavy  applications  of  manure.  Fresh 


T\.  J.  Exp.  Sta.  Bui.  221. 

2N.  J.  Exp.  Sta.  Bui.  157. 


22 


horse  manure  contains  organisms  which  decompose  nitrates  and  con- 
vert their  nitrogen  to  gaseous  forms.  It  is  advisable,  therefore,  to 
avoid  its  use  in  large  quantities  immediately  before  planting  when 
nitrate  of  soda  is  to  be  used  for  top-dressing  purposes. 

In  order  to  secure  the  best  results  from  nitrate  of  soda,  it  should 
be  applied  to  the  growing  plants  in  from  two  to  four  top  dressings, 
depending  upon  the  length  of  the  growing  season  of  the  crop  treated. 
The  first  application  should  be  made  when  the  plants  are  well  started, 
and  succeeding  applications  should  be  made  at  intervals  of  about  ten 
days  to  two  weeks.  From  80  to  100  pounds  per  acre  should  be  used 
each  time.  The  nitrate  should  be  ground  or  pounded  into  small  parti- 
cles. To  prevent  “burning”  the  leaves  of  the  plants,  it  is  best  to  apply 
it  in  such  a way  that  it  does  not  come  into  direct  contact  with  the  foli- 
age. There  are  machines  on  the  market  made  especially  for  handlihg 
this  fertilizer;  they  apply  it  in  drills  and  cover  it  at  one  passage.  A 
very  satisfactory  way  to  use  the  nitrate  on  a small  scale  is  to  scatter 
it  about  the  plants  by  hand.  Some  report  success  from  broadcasting 
the  nitrate  over  the  patch  when  the  foliage  is  completely  dry,  claim- 
ing that  the  particles  bounce  off  the  plants.  Others  state  that  they 
distribute  it  during  a rain  and  that  the  nitrate  washes  off  before  any 
damage  has  resulted.  Where  an  overhead  system  of  irrigation  is  at 
hand,  two  additional  methods  present  themselves.  One  is  to  apply 
the  nitrate  broadcast  and  irrigate  immediately;  the  other  is  to  dis- 
solve it  in  a storage  tank  and  apply  it  directly  thru  the  system.  One 
should  finish  wfith  clear  water  when  using  the  latter  method.  The 
use  of  the  irrigation  system,  however,  is  not  always  practicable,  since 
it  is  sometimes  not  advisable  to  irrigate  at  the  time  one  wishes  to 
apply  the  fertilizer.  Whatever  the  method  of  application,  nitrate  of 
soda  should  be  worked  into  the  soil  as  soon  as  possible. 

It  is  far  better  to  use  the  nitrate  in  small  amounts  at  intervals, 
as  explained,  than  to  apply  the  full  amount  at  one  time  early  in  the 
season.  Applied  in  the  latter  fashion  there  would  not  only  be  danger 
of  injury  to  the  plants,  but  there  would  likely  be  an  excessive  waste 
of  the  nitrate  as  well,  for  nitrate  of  soda  is  very  soluble  and  much  of 
it  would  be  lost  by  drainage  and  leaching  before  it  could  be  utilized 
by  the  plants.  In  the  case  of  some  crops,  particularly  those  which 
produce  fruit,  it  is  usually  not  advisable  to  continue  the  application 
of  nitrate  of  soda  until  too  near  the  time  of  maturity,  for  it  may  con- 
tinue to  stimulate  vine  growth  at  the  expense  of  the  fruit. 

Dried  blood  is  probably  the  best  form  of  commercial  nitrogen  to 
use  when  it  is  desired  to  make  relatively  heavy  applications  before 
planting  the  crops.  It  is  not  likely  to  be  injurious  to  plants  when 
used  in  this  way,  and  its  nitrogen,  which  exists  in  organic  form,  is 
not  so  subject  to  loss  by  drainage  and  leaching  as  that  in  nitrate  of 
soda.  Again,  thru  the  action  of  the  soil  organisms,  its  nitrogen  is 
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changed  to  nitrate  form  gradually  and  can  be  utilized  by  the  growing 
plants  thruout  a longer  period. 

Sulfate  of  ammonia  has  become  low  enough  in  price  for  consid- 
eration as  a fertilizer  only  within  late  years,  and  not  a great  deal  is 
known  about  its  use.  Some  persons  have  employed  it  with  success, 
while  others  make  very  unfavorable  reports.  It  seems  essential  that 
the  soil  contain  plenty  of  lime  for  success  with  this  form  of  nitrogen. 
In  view  of  the  conflicting  information  concerning  its  effect,  it  is  well 
for  gardeners  to  proceed  cautiously  with  its  use,  for  the  present  at 
least. 

Phosphorus 

Applications  of  phosphorus  do  not  usually  prove  of  very  great 
value  until  the  soil  has  been  fairly  well  built  up  in  organic  matter 
and  nitrogen.  Nearly  all  of  our  soils  are  low  in  phosphorus  content ; 
manure  furnishes  this  element  in  relatively  small  proportions;  and. 
since  it  cannot  be  obtained  from  the  air,  as  in  the  case  of  nitrogen,  we 
must  turn  to  other  sources  for  our  supply.  Phosphorus  appears  to  have 
an  intimate  relation  with  life  itself,  for  it  is  found  in  very  considerable 
amounts  in  the  reproductive  cells  of  plants  and  animals.  It  plays  an 
important  part  in  the  development  of  fruits  and  seeds.  The  principal 
commercial  forms  of  this  element  are  given  in  Table  5. 


Table  5. — Important  Forms  of  Phosphorus 


Pounds  phosphorus 
per  ton 

Cost  per  ton 

Approximate  cost 
per  pound 

Acid  phosphate 

125 

$15.00 

$ .12 

Steamed  bone  meal 

250 

25.00 

.10 

Rock  phosphate 

250 

7.00 

.03 

For  the  quickest  results,  acid  phosphate  is  the  best  form  to  use, 
for  it  supplies  phosphorus  in  more  soluble  condition  than  the  other 
two  forms  mentioned.  However,  it  is  also  the  most  expensive,  and 
it  adds  acidity  to  the  soil.  While  its  use  may  be  more  justifiable  in 
vegetable  growing  than  in  general  farming,  it  should  be  employed 
with  caution.  Steamed  bone  meal  is  a much  safer  form,  and  furnishes 
phosphorus  somewhat  more  cheaply  as  well,  and  in  a form  which 
plants  can  use  almost  as  quickly  as  that  in  acid  phosphate.  Bone 
meal  tends  to  correct  soil  acidity,  but  its  influence  in  this  direction 
cannot  be  great  because  of  the  relatively  small  amount  used.  Besides 
the  phosphorus  it  contains,  steamed  bone  meal  also  carries  about 
twenty  pounds  of  nitrogen  to  the  ton.  As  a source  of  phosphorus,  it 
is  preferable  to  raw  bone  meal. 

The  above  forms  of  phosphorus  are  valuable  for  use  where  im- 
mediate results  are  desired,  but  if  the  gardener  will  provide  for  his 
phosphorus  needs  a year  or  two  in  advance,  he  may  make  use  of  rock 
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phosphate,  which  supplies  the  element  far  more  inexpensively  than 
either  acid  phosphate  or  bone  meal.  The  chief  requirement  for  success 
with  this  form  of  phosphorus  is  a large  amount  of  actively  decaying 
organic  matter  in  the  soil.  The  large  amounts  of  decaying  organic 
matter  and  manure  used  by  vegetable  growers,  therefore,  can  be  made 
of  very  great  service  in  changing  the  insoluble  phosphorus  in  rock 
phosphate  to  soluble  forms.  The  beneficial  effects  occurring  two  or 
three  years  after  the  application  of  rock  phosphate,  especially  where 
it  can  be  applied  in  connection  with  large  amounts  of  actively  de- 
caying organic  matter,  are  so  well  established  that  no  detailed  dis- 
cussion nor  data  need  be  presented  on  this  point. 

There  is  evidence  to  indicate  that  some  of  our  vegetables  are  able 
to  utilize  phosphorus  from  rock  phosphate  almost  immediately.  To- 
mato experiments  were  conducted  by  this  station1  in  Union  county,  for 
five  years.  The  data  presented  in  Table  6 show  the  average  annual  re- 
sults secured  from  supplementing  manure  with  rock  phosphate,  as 
compared  with  other  treatments. 


Table  6. — Fertilizer  Experiments  with  Tomatoes:  Union  County,  Illinois 


Treatment : 
acre  basis 

Pounds  of  market- 
able fruit 
per  plant 

Number  of  crates 
per  acre  increase 
over  check 

Net  profit 
per  acre 
over  check 

Check  

2.68 

. 

Manure,  10  tons 

3.16 

58 

$10.79 

Manure  and  545  pounds  bone 

meal  

3.52 

94 

12.69 

Manure  and  545  pounds  rock 

phosphate 

3.72 

122 

33.55 

In  these  experiments  the  tomatoes  were  grown  on  different  land 
each  of  the  five  seasons;  hence  the  gains  made  were  derived  entirely 
from  an  immediate  use  of  the  fertilizer.  The  results  show  that  rock 
phosphate  in  connection  with  manure  caused  a larger  yield  of  fruit 
than  a similar  quantity  of  bone  meal  used  in  the  same  way,  and  it 
gave  a very  much  greater  net  profit  because  of  the  lower  cost  of  the 
phosphorus. 

The  Department  of  Agronomy  of  this  station  reports  that  in  ex- 
periments conducted  with  potatoes  at  Dixon  and  Mt.  Morris,  Illinois, 
during  the  season  of  1913,  there  were  marked  increases  in  yield  where 
rock  phosphate  was  used  in  addition  to  manure  and  lime.  In  these 
cases  the  materials  were  all  applied  in  the  fall  of  1912. 

It  is  very  likely  that  some  other  vegetable  crops  besides  tomatoes 
and  potatoes  can  make  immediate  use  of  the  phosphorus  in  rock  phos- 
phate, but  it  is  probable  that  many  of  them  would  not  be  markedly 
benefited  by  it  the  first  year.  For  the  majority  of  vegetable  crops  it 
would  in  all  probability  be  advisable  to  use  acid  phosphate  or  steamed 
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bone  meal  for  an  immediate  source  of  phosphorus  and  to  apply  at  the 
same  time  the  much  cheaper  rock  phosphate  for  the  needs  two  or 
three  years  hence.  Where  it  is  believed  that  the  phosphorus  content 
of  the  soil  is  low,  and  this  is  usually  the  case,  the  first  application 
should  consist  of  about  one  ton  of  rock  phosphate  per  acre.  If  this 
is  followed  by  applications  of  1000  pounds  per  acre  every  two  years, 
the  phosphorus  needs  of  vegetable  crops  will  be  met  and  the  soil  will 
gradually  grow  richer  in  this  element.  It  is  a very  good  practice  to 
apply  rock  phosphate  in  connection  with  manure  or  crops  turned  un- 
der for  soiling  purposes. 


Potassium 

Potassium  is  abundant  in  all  Illinois  soils  except  in  some  small 
areas  of  peat  and  sand  lands,  tho  practically  all  of  it  exists  in  very 
insoluble  form.  Manure  and  organic  matter  are  the  most  instrumental 
agencies  in  rendering  these  insoluble  forms  soluble,  and,  except  in  the 
peat  and  sand  soils  referred  to,  vegetables  will  ordinarily  obtain 
sufficient  amounts  of  potassium  from  that  existing  in  the  soil  for 
good  growth.  However,  applications  of  potassiums  often  prove  profit- 
able. This  element  is  used  in  considerable  proportions  by  root  crops, 
and,  as  a rule,  may  be  employed  more  profitably  with  them  than  with 
other  crops.  Table  7 shows  the  principal  forms  of  potassium  which 
may  be  used. 


Table  7. — Important  Forms  of  Potassium 


1 

Pounds  potassium 
per  ton 

Cost  per  ton 

Cost  per  pound 

Muriate  of  potash 

850 

$50.00 

$ .06 

Sulfate  of  potash 

850 

55.00 

.065 

Kainit 

200 

13.00 

.065 

Wood  ashes 

100 

7.00 

.07 

Sulfate  of  potash  is  probably  the  most  satisfactory  form  of  po- 
tassium for  general  use.  The  majority  of  investigations  reported 
favor  this  form,  tho  some  of  them  favor  the  muriate  as  strongly.  The 
kind  of  crop  grown  appears  to  make  some  difference;  some  of  them 
succeed  better  with  sulfate  of  potash  while  others  are  able  to  use  the 
muriate  to  better  effect.  The  large  quantity  of  chlorids  carried  by 
the  muriate  is  injurious  to  some  plants,  especially  when  applied  im- 
mediately before  planting.  This  is  also  true  of  kainit.  Another  ob- 
jection to  kainit  is  the  high  percentage  of  foreign  substances,  for 
which  unnecessary  expense  must  be  incurred  in  the  freight  and  hand- 
ling. 

Wood  ashes  are  an  extremely  good  form  of  potassium,  and  they 
also  contain  a large  percentage  of  lime.  It  is  unfortunate  that  their 
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supply  is  limited.  If  any  are  produced  at  home,  they  should  be  kept 
under  cover  until  they  can  be  applied  and  immediately  worked  into 
the  soil;  for  when  exposed  in  the  open,  the  potassium  content  is 
quickly  reduced  by  leaching.  Buying  wood  ashes  in  preference  to 
sulfate  or  muriate  of  potash  will  not  pay  unless  the  ashes  can  be 
bought  at  a lower  figure  than  that  named  in  Table  7.  The  amount 
of  potassium  they  contain  varies  from  about  3 to  8 percent,  and  in 
buying  them  due  consideration  should  be  paid  to  this  point.  It  should 
be  mentioned  in  this  connection  that  coal  ashes  have  no  value  as  a 
fertilizer. 

"Whether  or  not  it  will  pay  gardeners  in  Illinois  to  use  commer- 
cial forms  of  potassium  must  be  determined  largely  by  local  condi- 
tions. Certainly  this  element  will  not  give  the  increases  in  this  state 
(except  in  the  peat  and  sand  soils  mentioned,  where  it  commonly 
gives  large  gains)  that  it  gives  in  some  other  sections  of  the  country, 
and  it  is  no  doubt  best  for  gardeners  to  test  it  on  a small  scale  before 
investing  heavily  in  it.  If  applications  seem  profitable,  an  amount 
of  fertilizer  supplying  about  100  pounds  of  potassium  per  acre  an- 
nually will  suffice  under  ordinary  circumstances.  Potassium  sulfate 
or  wood  ashes  should  be  applied  in  the  spring  after  plowing,  and 
harrowed  into  the  soil  thoroly  before  planting  the  crop.  If  muriate 
of  potash  or  kainit  is  used,  it  will  be  better,  as  a rule,  to  apply  it  the 
preceding  fall. 

Limestone 

Besides  having  a sufficient  stock  of  the  limiting  elements  and  or- 
ganic matter  in  the  soil,  it  is  necessary,  for  the  best  growth  of  nearly 
all  vegetables,  that  the  soil  be  free  from  acid.  This  condition  is  best 
imparted  by  the  application  of  ground  limestone,  which  costs  from 
$1  to  $1.50  per  ton  delivered  in  almost  any  part  of  Illinois.  The 
presence  of  lime  in  the  soil  is  directly  beneficial  to  most  vegetables; 
it  is  necessary  for  the  welfare  of  soil  organisms  engaged  in  changing 
6ther  forms  of  nitrogen  to  nitrate  form;  and  it  is  essential  for  the 
best  results  with  legumes. 

Practically  all  vegetables  grow  best  in  a limed  soil.  Potatoes, 
sweet  potatoes,  sweet  corn,  and  turnips  appear  capable  of  growing 
fairly  well  in  soils  containing  some  acid,  tho  they  are  usually  bene- 
fited by  applications  of  limestone  to  a greater  or  less  extent.  Carrots 
seem  to  grow  equally  well  in  limed  or  acid  soils.  "Watermelons  are 
injured  by  liming. 

It  should  be  mentioned  in  this  connection  that  potato  scab  is  fa- 
vored in  its  development  by  liming.  This  is  because  the  disease  flour- 
ishes best  in  an  alkaline  condition  of  the  soil,  while  an  acid  soil  checks 
its  development.  In  contrast  to  this,  the  club  root  of  cabbage,  a 
serious  disease  in  some  places,  is  checked  by  lime ; in  fact,  the  most  sat- 
isfactory method  of  treatment  known  for  it  is  the  application  of  lime. 
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As  a general  proposition,  the  application  of  limestone  in  vege- 
table growing  is  a profitable  practice,  unless,  of  course,  the  gardener 
specializes  on  such  crops  as  carrots  or  watermelons.  If  the  soil  has 
received  no  lime  before,  about  two  tons  per  acre  should  be  applied 
the  first  time ; after  that  one  ton  every  two  or  three  years  will  usually 
suffice,  except  in  some  of  the  strongly  acid  soils  in  the  southern  part 
of  the  state. 

There  are  a number  of  forms  of  lime,  but  the  most  satisfactory 
for  general  use  is  ground  natural  limestone.  Besides  being  one  of 
the  safest  forms,  it  is  one  of  the  lowest  in  price.  Air-slaked  lime 
may  often  be  secured,  especially  near  lime  kilns,  for  a lower  figure 
than  the  ground  limestone.  This  is  also  a satisfactory  form.  Un- 
slaked or  lump  lime  is  undesirable,  being  very  destructive  to  the  or- 
ganic matter  of  the  soil. 

Drainage  and  Crop  Rotation 

Good  drainage  and  proper  crop  rotation  are  essential  factors  in 
the  production  of  any  crop,  however  well  the  land  may  be  fertilized. 
If  the  land  is  not  naturally  well  drained,  it  should  be  tile  drained. 
Even  on  rolling  land,  tile  drainage  often  proves  highly  beneficial.  An 
adequate  system  of  crop  rotation  is  as  necessary  in  vegetable  growing 
as  in  general  farming.  Continuous  planting  to  the  same  crop,  or  to 
the  same  class  of  crops,  is  not  only  unwise  practice  from  the  fertility 
standpoint,  but  it  allows  serious  diseases  and  insects  to  become  estab- 
lished in  the  soil  as  well.  Gardeners  should  so  arrange  their  planting 
that  the  same  crop  or  class  of  crops  does  not  occupy  a given  area  more 
than  once  in  three  or  four  years. 

SUMMARY 

The  fertility  problem  in  vegetable  growing  is  one  of  the  most 
important  of  the  many  difficulties  confronting  the  gardener.  The 
general  principles  underlying  the  fertilizing  of  farm  and  vegetable 
crops  are  the  same,  tho  on  account  of  the  wide  differences  in  the  two 
branches  of  agriculture,  there  are  marked  differences  with  respect  to 
the  specific  manner  and  degree  of  their  application. 

Vegetable  crops  remove  large  amounts  of  fertility  from  the  soil, 
and  comparatively  large  losses  occur  also  thru  drainage  and  leaching 
and  by  oxidation  of  the  nitrogen  and  organic  matter.  These  latter 
losses  may  be  checked  to  a certain  extent  by  careful  methods,  but  even 
with  the  best  attention  there  will  still  be  large  losses.  Hence,  the 
maintenance  of  the  highly  fertile  condition  necessary  for  successful 
vegetable  production  is  not  a simple  matter. 

The  organic  matter  content  of  the  soil  can  be  maintained  by 
plowing  under  manure,  crop  refuse,  and  cover  crops.  Nitrogen  can 
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be  furnished  by  manure,  by  leguminous  crops,  and  by  the  various 
commercial  forms  of  this  element.  Manure  is  without  a doubt  the 
best  general  source  of  fertility  for  the  vegetable  grower,  tho  it  is 
somewhat  low  in  content  of  the  mineral  elements.  Large  losses  in 
manure  occur  thru  improper  handling,  and  its  proper  treatment  un- 
der the  circumstances  met  with  in  practical  vegetable  gardening  is  a 
rather  difficult  problem,  and  one  in  which  many  serious  mistakes  are 
made. 

It  is  practicable  for  gardeners  to  utilize  cover  crops  as  a source 
of  organic  matter.  If  legumes,  such  as  cowpeas,  soybeans,  and  hairy 
vetch,  are  grown,  they  will  serve  as  sources  of  nitrogen  also. 

Commercial  forms  of  nitrogen,  even  tho  expensive,  can  often  be 
used  with  profit  by  the  vegetable  grower.  Nitrate  of  soda  appears  to 
be  the  most  satisfactory  form  when  used  in  the  right  way.  On  ac- 
count of  its  soluble  condition  and  the  fact  that  plants  can  use  it 
directly,  it  is  particularly  helpful  in  forcing  the  growth  of  early 
spring  crops.  However,  it  must  be  applied  in  proper  amounts,  at 
proper  times,  and  by  proper  methods,  or  serious  harm  to  the  plants 
will  almost  certainly  result. 

Since  the  amount  of  phosphorus  contained  in  most  soils  is  small, 
and  since  manure  is  low  in  that  element,  applications  of  some  commer- 
cial form  usually  prove  profitable.  For  immediate  results,  acid  phos- 
phate and  steamed  bone  meal  are  the  best  forms  to  use,  but  if  the 
gardener  will  provide  for  his  needs  two  or  three  years  in  advance, 
he  can  employ  the  very  much  cheaper  raw  rock  phosphate.  The  phos- 
phorus in  this  form  is  insoluble,  but  the  large  amounts  of  manure, 
crop  refuse,  and  cover  crops  ordinarily  plowed  under  in  vegetable 
growing  will  be  instrumental  in  changing  it  to  soluble  forms.  There 
are  even  some  experiments  on  record  which  indicate  that  certain  vege- 
table crops  give  marked  increases  in  yields  the  season  immediately 
following  its  application. 

Potassium  is  abundant  in  nearly  all  Illinois  soils,  but  applications 
of  it  sometimes  prove  profitable.  Sulfate  of  potash  appears  to  be  the 
most  satisfactory  form  for  general  use,  tho  muriate  of  potash  seems 
to  give  equally  good  results  with  some  crops.  Unleached  wood  ashes 
are  a most  satisfactory  form  of  potassium,  but  unfortunately  the  sup- 
ply is  limited. 

Lime  benefits  practically  all  vegetable  crops  and  should  be  used 
in  liberal  amounts  by  gardeners.  Ground  limestone  is  the  cheapest 
form  and  one  of  the  most  satisfactory  as  well. 

Finally,  the  land  should  be  well  drained,  either  naturally  or  arti- 
ficially, and  an  adequate  system  of  crop  rotation  should  be  practiced. 

The  factors  mentioned  each  bear  an  important  relation  to  the 
welfare  of  the  plant.  It  is  only  after  all  of  them  have  received  proper 
attention  that  maximum  crops  of  high-quality  vegetables  can  be  pro- 
duced. 
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BY 

Charles  C.  Rees  and  Wallace  Macfarlane 


Preface 


In  assembling  this  bibliography,  an  attempt  has  been  made  to  include  refer- 
ences to  every  article  relating  to  plant  diseases  in  which  control  measures  are 
given,  the  abstract  of  which  has  appeared  in  the  Experiment  Station  Record 
during  the  years  1909-14  inclusive. 

The  classification  of  the  citations,  about  a thousand  in  number,  has  been 
made  under  headings  of  the  various  hosts  arranged  in  alphabetical  order.  Under 
each  host  the  references  have  been  arranged  alphabetically  according  to  the 
common  name  of  the  disease  when  given.  No  attempt  has  been  made  to  supply 
these  names,  and  where  they  were  missing  the  references  are  listed  under  the 
generic  name  of  the  fungus;  for  instance,  an  article  discussing  Pleospora 
graminea,  which  gave  no  common  name  to  the  disease,  is  listed  under  Pleospora. 
In  every  case  where  the  generic  name  of  the  fungus  was  given,  or  where  it 
could  be  supplied  with  reasonable  certainty,  it  is  included  in  parentheses  after 
the  common  name  of  the  disease.  In  many  instances  authors  in  discussing 
a disease  caused  by  a certain  fungus  gave  to  the  disease  different  common 
names;  for  instance,  the  disease  of  Irish  potato  caused  by  the  fungus  Synchy- 
trium  endobiotica  was  found  referred  to  by  different  authors  as  wart, 
canker,  black  canker,  and  black  scab.  In  such  cases  it  was  necessary  to  select 
the  name  most  generally  accepted  and  list  the  various  references  thereunder. 
Under  each  disease  the  citations  have  been  placed  in  alphabetical  order  according 
to  the  name  of  the  author. 

In  order  to  include  as  many  pertinent  references  as  possible,  a general  host 
classification  under  the  headings  of  citrus  fruits,  field  crops,  et  cetera,  has 
also  been  employed.  In  addition  to  this  there  appears  a set  of  references 
pertaining  to  fungicides. 

Each  article  includes  reference  to  the  original  article  and  to  the  Experiment 
Station  Record  in  which  the  article  was  found  abstracted.  The  latter  reference, 
in  which  the  first  number  indicates  the  volume  and  the  second  the  page,  is 
placed  in  parentheses. 


A BIBLIOGRAPHY  OF  RECENT  LITERATURE 
CONCERNING  PLANT-DISEASE 
PREVENTION 


By  CHARLES  C.  REES,  Assistant  in  Floricultural  Pathology  Re- 
search, and  WALLACE  MACFARLANE,  Fellow  in  Agronomy1 


ACACIA 

Root  Disease  ( Arniillaria-Fomes ) 

Petch,  T. 

Circs,  and  Agr.  Jour.  Roy.  Bot.  Gard.,  Ceylon,  5 (1910),  10,  89.  (25,  47) 

Uproot  and  burn  the  diseased  trees. 

ALFALFA 

Diseases,  General 

Stewart,  F.  C.,  French,  G.  T.,  and  Wilson,  J.  K. 

N.  Y.  (Geneva)  Sta.  Bui.  305.  (20,  846) 

Blight  ( Pseudomonas ) 

Sackett,  W.  G. 

Colo.  Sta.  Bui.  158.  (23,  546)  Introduce  resistant  varieties  that  will  stand 

late  spring  frosts.  Clip  off  frosted  alfalfa  as  soon  as  danger  of  frost  is  passed, 
which  will  afford  an  early  growth  of  a new  cutting. 

Club  Root  ( Uropklyctis ) 

Korff,  G. 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  7 (1909),  21,  157.  (23,  248) 

Salmon,  E.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  1907,  16,  267.  (20,  845) 

Rust  ( Uromyces ) 

Pammel,  L.  H.,  and  King,  C.  M. 

Ia.  Sta.  Bui.  131.  (27,  445) 

Stem  Rot  ( Rhizoctonia ) 

Laurer,  G. 

Illus.  Landw.  Ztg.,  30  (1910),  46,  439.  (23,  741)  Liquid  manure,  quick- 

lime, and  creosol  recommended. 

1Working  under  the  direction  of  Dr.  F.  L.  Stevens,  Professor  of  Plant  Pathology, 
University  of  Illinois. 
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ALMOND 


Arnaud,  G. 


Diseases,  General 


Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  15,  451. 


(21,  245) 


APPLE 

Diseases,-  General 

Brooks,  C. 

N.  H.  Sta.  Bui.  144.  (22,  747) 

McCormack,  E.  F. 

Ann.  Rpt.  State  Ent.  Ind.,  3 (1909-10),  128.  (25,  45) 

Morse,  W.  J.,  and  Lewis,  C.  E. 

Me.  Sta.  Bui.  185.  (24,  745) 

Prillieux,  E. 

Bui.  Soc.  Nat.  Agr.  France,  68  (1908),  5,  286.  (20,  453) 

Reed,  H.  S.,  Cooley,  J.  S.,  and  Rogers,  J.  T. 

Va.  Sta.  Bui.  195.  (27,  152) 

Stevens,  F.  L. 

N.  C.  Sta.  Bui.  206.  (23,  453) 

Stewart,  F.  C. 

West  N.  Y.  Hort.  Soc.  Proc.,  56  (1911),  61.  (26,  55)  Keep  trees  in  vigor- 

ous condition  and  spray  regularly  and  thoroly. 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37.  (31,  644) 

Anthracnose  ( Gloeosporium ) 

Cordley,  A.  B. 

Better  Fruit,  4 (1909),  4,  13.  (22,  349)  Spray  with  Bordeaux  soon  after 

fruit  is  gathered.  Spray  again  after  the  leaves  have  fallen  with  Bordeaux  or 
lime  sulfur. 

Jackson,  H.  S. 

Ore.  Sta.  Bien.  Crop  Pest  and  Hort.  Rpt.  1911-12,  178.  (29,  153)  Con- 

trol measures  given  in  Exp.  Sta.  Rec.,  29,  249. 


Ore.  Sta.  Circ.  17.  (27,  249)  Apply  4-4-50  Bordeaux  in  fall  before  rains, 

and  6-6-50  Bordeaux  as  soon  as  fruit  is  picked.  Give  an  additional  spraying 
earlier  in  the  season  if  disease  is  bad.  Cut  out  cankers. 

Lawrence,  W.  H. 

Bien.  Rpt.  Bd.  Hort.  Ore.,  12  (1911-12),  93.  (31,  53)  Repeated  spraying 

recommended.  Spray  in  autumn  following  maturity  of  fruit.  Bordeaux-petro- 
leum  emulsion  gives  promise. 

Lownsdale,  M.  O, 

Better  Fruit,  5 (1910),  1,  44.  (23,  745)  To  prevent  new  infection  during 

the  succeeding  year,  spray  in  September  with  a solution  of  1 gallon  of  lime 
sulfur  in  18  gallons  of  water. 


Bitter  Rot  ( Glomerella ) 


Laubert,  R. 

Deut.  Obstbau  Ztg.,  1910,  14,  175.  (23,  548) 

Lounsbury,  C.  P. 

Agr.  Jour.  Cape  Good  Hope,  37  (1910),  4,  355.  (24,  348) 

Wolf,  F.  A. 

Proc.  Ala.  State  Hort.  Soc.,  9 (1912),  69.  (27,  546) 

Blister  Canker  (Nummularia) 

Gloyer,  W.  O. 

Ohio  (Wooster)  Sta.  Circ.  125.  (27,  749)  Remove  and  destroy  all  diseased 

parts.  Cover  wounds  after  pruning  with  asphaltum  or  grafting  wax. 

Pammel,  L.  H.,  and  King,  C.  M. 

Ia.  Sta.  Bui.  131.  (27,  445) 

Blotch  ( Phyllosticta ) 

Lewis,  D.  E. 

Kans.  Sta.  Bui.  196.  (31,  53)  3-4-50  Bordeaux  recommended.  Lime 

sulfur  found  to  be  less  effective  than  Bordeaux  except  in  wet  weather,  when 
Bordeaux  has  a tendency  to  russet  the  fruit. 

Scott,  W.  M.,  and  Rorer,  J.  B. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  144.  (20,  1044)  Apply  5-5-50 
Bordeaux  three  weeks  after  petals  have  fallen.  Follow'  with  three  applications 
at  intervals  of  two  weeks. 


Canker  ( Sphceropsis ) 

Brooks,  C.,  and  DeMeritt,  M. 

Phytopath.,  2 (1912),  5,  181.  (28,  548)  Plow  under  diseased  leaves.  Apply 

Bordeaux  and  lime  sulfur. 

Ducloux,  A. 

Rev.  Hort.  (Paris).  82  (1910),  21,  506;  22,  520.  (24,  450) 

Evans,  I.  B.  P. 

Transvaal  Agr.  Jour.,  7 (1908),  25,  62.  (20,  848)  Destroy  all  decayed 

fruit,  prune  out  cankers,  and  spray  with  Bordeaux. 

Hesler,  L.  R. 

Proc.  Ind.  Acad.  Sci.,  1911,  325.  (29,  752)  Prune  off  diseased  limbs  below 

point  of  attack.  Select  for  planting  nonsusceptible  varieties. 

McCready,  S.  B. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  35  (1909),  41.  (23,  351) 

Good  cultivation,  thoro  spraying,  careful  cutting  out  of  all  cankers,  and  destruc- 
tion of  diseased  rubbish  recommended. 

Salmon,  E.  S. 

Gard.  Chron.,  3 ser.,  47  (1910),  1217,  258.  (23,  549) 

Wolf,  F.  A. 

Phytopath.,  3 (1913),  6,  288.  (30,  650)  Spray  early  in  season  wdth  Bor- 

deaux. 
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(Anon.) 

Bd.  Agr.  and  Fisheries  (London)  Leaflet  281  (1913).  (30,  650)  Re- 

move dead  branches  and  leaves  and  spray  with  half-strength  Bordeaux  a week 
after  petals  fall,  and  again  one  month  later. 

Crown  Gall  ( Pseudomonas ) 

Hedgcock,  G.  G. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  186.  (24,  249)  To  keep  nursery 

free  from  disease,  leave  all  diseased  trees  in  the  field  at  the  time  of  digging  and 
burn  them  as  soon  as  dry.  Scions  from  healthy  trees  and  stocks  from  seed  of 
sound  trees  only  should  be  used.  Avoid  wounding  of  trees  during  cultivation. 

Fire  Blight  ( Bacillus ) ' 

Hall,  J.  G. 

Wash.  Sta.  Popular  Bui.  56.  (29,  848)  Remove  and  burn  all  diseased 

parts. 

Jackson,  H.  S. 

Ore.  Sta.  Circ.  7.  (23,  454) 

Lawrence,  W.  H. 

Bien.  Rpt.  Bd.  Hort.  Ore.,  12  (1911-12),  107.  (31,  53) 

Pickett,  B.  S. 

111.  Sta.  Circ.  172.  (31,  644)  Remove  infected  trees,  which  carry  disease 

over  winter. 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  2.  (23,  352) 

(Anon.) 

Queensland  Agr.  Jour.,  26  (1911),  5,  266.  (25,  455)  Spray  tr?es  several 

times  during  winter  with  red  oil.  Follow  after  foliage  appears  with  a weak 
kerosene  oil  emulsion,  applied  with  a brush  to  cankers  on  trunk. 

Fruit  Spot  ( Cylindrosporium ) 

Brooks,  C. 

N.  H.  Sta.  Sci.  Contrib.  2,  423.  (20,  847)  To  prevent  disease,  apply  Bor- 

deaux in  June  or  July. 

Fruit  Spot  ( Phoma ) 

Brooks,  C. 

N.  H.  Sta.  Bui.  157.  (27,  849) 

Lewis,  C.  E. 

Me.  Sta.  Bui.  170.  (22,  547) 

Leaf  Spot  ( Cladosporium ) 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  33  (1908),  2,  500.  (20,  547)  To  check 

germination  of  fungus  spores,  apply  dilute  Bordeaux. 

Mildew,  Powdery  (Podosphcera) 

Ballard,  W.  S.,  and  Volck,  W.  H. 

U.  S.  Dept.  Agr.  Bui.  120,  26.  (31,  748)  Spray  foliage  with  iron-sulfid 

solution  or  with  precipitated  sulfur.  Prune  in  winter. 

Boll,  J. 

Dent.  Obstbau  Ztg.,  1912,  3,  47.  (26  750)  Lime  sulfur,  1-20,  recommended. 
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Eriksson,  J. 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  7 (1909),  6,  73;  7,  96.  (22,  349) 

Burn  all  old  leaves  and  affected  shoots.  Spray  with  1-percent  copper-sulfate 
solution.  One-percent  potassium-sulfid  solution  also  recommended.  Mix  lime 
in  soil  around  trees. 

Lustner,  G. 

Ber.  K.  Lehranst.  Wein,  Obst  u.  Gartenbau  Geisenheim,  1909,  120.  (24, 

156)  Destroy  diseased  branches  on  which  perithecia  are  found.  Sulfur  and 
lime-sulfur  spray  recommended. 

Volck,  W.  H. 

Better  Fruit,  5 (1911),  8,  39;  9,  60.  (25,  145)  Iron  sulfid  recommended  as 

a summer  spray. 

Rust  ( Gyrnno sporangium ) 

Bartholomew,  E.  T. 

Phytopath.,  2 (1912),  6,  253.  (28,  748)  Bordeaux  recommended. 

Fulton,  H.  R. 

N.  C.  Sta.  Rpt.  1912,  62.  (29,  49)  For  prevention,  spray : (1)  just  after 
leaves  emerge  from  bud,  (2)  just  before  blossoms  open,  (3)  just  after  petals 
fall,  and  (4)  ten  days  later. 

Giddings,  N.  J. 

W.  Va.  Crop  Pest  Com.  Bui.  2,  7.  (30,  651)  Destroy  all  cedars  within  a 

mile  of  apple  orchard. 

and  Neal,  D.  C. 

Phytopath.,  2 (1912),  6,  258.  (28,  748)  Bordeaux  recommended. 

Heald,  F.  D. 

Nebr.  Sta.  Rpt.  1908,  103.  (22,  47) 

Hein,  W.  H. 

Insect  Pest  and  Plant  Disease  Bur.  Nebr.,  Div.  Bot.  Circ.  1.  (21,  644) 

Remove  cedar  trees  and  plant  resistant  varieties  of  apple. 

Reed,  H.  S.,  Cooley,  J.  S.,  and  Crabill,  C.  H. 

Va.  Sta.  Bui.  203.  (30,  450)  Copper  lime  sulfur  and  lime  sulfur  both 

found  to  be  effective. 

Wolf,  F.  A. 

Proc.  Ala.  State  Hort.  Soc.,  9 (1912),  69.  (27,  546) 

Scab  ( V enturia ) 

Beattie,  R.  K. 

West.  Fruit-Grower,  20  (1909),  1,  6.  (21,  244)  Lime  sulfur  superior  to 

Bordeaux.  Solution  of  1 pound  of  sulfur,  ]/2  pound  of  lime,  and  5 gallons  of 
water  recommended. 


Phytopath.,  4 (1914),  1,  42.  (31,  346)  Spray  thoroly  with  lime  sulfur 

under  heavy  pressure,  twice  during  the  season. 

Blodgett,  F.  M. 

Phytopath.,  4 (1914),  1,  44.  (31,  449)  Dust  with  sulfur  and  treat  host  with 

sulfur  suspension  in  water. 
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Bretschneider,  A. 

Wiener  Landw.  Ztg.,  59  (1909),  100,  980.  (22,  650) 

D arrow,  W.  H. 

Phytopath.,  3 (1913),  5,  265.  (30,  542)  The  disease  may  be  carried  over 
on  young  shoots,  and  the  application  of  some  strong  fungicide  to  these  before 
the  opening  of  the  leaf  buds  will  reduce  infection  from  this  source. 

Fischer,  F. 

Ztschr.  Pflanzenkrank.,  19  (1909),  7,  432;  abs.  in  Riv.  Patol.  Veg.,  4 
(1910),  7,  97.  (23,  151)  No  immune  varieties.  Apply  Bordeaux  in  spring 

before  leaves  appear. 

McCready,  S.  B. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  36  (1910),  42.  (25,  549) 

Apply  home-boiled  lime  sulfur  just  before  leaves  open;  give  second  application 
of  commercial  lime  sulfur  at  the  opening  of  blossom  buds;  and  spray  for  the 
third  time  with  1-30  commercial  lime  sulfur  when  blossoms  fall. 

Mally,  C.  W. 

Agr.  Jour.  Cape  Good  Hope,  35  (1909),  2,  202.  (22,  50)  One  application  of 

6-4-50  Bordeaux  gave  60  percent  sound  fruit ; two  applications  gave  90  per- 
cent sound  fruit ; and  three  applications  rendered  fruit  practically  free  from 
disease. 

Morris,  H.  E. 

Mont.  Sta.  Bui.  96.  (31,  645)  Plant  resistant  varieties  and  spray  thoroly. 

Nicholls,  H.  M. 

Agr.  Gaz.  Tasmania,  21  (1913),  10,  387.  (30,  541)  Plow  fallen  leaves 

under  early,  harrow  surface,  and  leave  undisturbed  until  after  November  15. 

f 

Spray  trees  early  in  October  with  Bordeaux,  Burgundy,  or  lime-sulfur  mixture, 
adding  one  pound  of  wheat  flour  to  each  gallon  of  solution  in  order  to  pro- 
mote spreading  and  adhesion. 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  15  (1908),  3,  182.  (20,  950)  Wash  trees  in 

winter  with  strong  solution  of  copper  sulfate.  Apply  4-4-50  Bordeaux  in 
spring. 


Jour.  Southeast  Agr.  Col.  Wye,  1907,  16,  267.  (20,  845) 


Jour.  Southeast  Agr.  Col.  Wye,  1909,  18,  267.  (25,  247)  Judicious  spray- 

ing with  4-100  copper-sulfate  solution  in  February  followed  by  two  or  three 
sprayings  with  Bordeaux  controls  the  disease. 

Jour.  Southeast  Agr.  Col.  Wye,  1911,  20,  408.  (28,  448)  Bordeaux  recom- 

mended over  lime  sulfur. 

Schander,  R. 

Deut.  Landw.  Presse,  36  (1909),  7,  63.  (21,  54)  Bordeaux  (2  percent) 

more  efficient  than  carbolineum  (l/2  percent). 

Voges,  E. 

Ztschr.  Pflanzenkrank.,  20  (1910),  7,  385;  rev.  in  Gard.  Chron.,  3 ser.,  48 
(1910),  1250,  432.  (24.  450)  Apply  Bordeaux  in  spring. 
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Wallace,  E. 

N.  Y.  (Cornell)  Sta.  Bui.  335.  (30,  848)  Lime  sulfur  recommended. 


Rpt.  Niagara  Sprayer  Co.  Fellowship,  2 (1909),  10.  (22,  650)  Lime  sul- 

fur, 1-30,  as  efficient  as  3-4-50  Bordeaux  and  does  not  cause  injury  to  leaves 
or  fruit. 

(Anon.) 

Ore.  Agr.  Col.  Bui.  48,  1 ser.  (25,  247)  Spray  with  1-15  lime  sulfur  when 
blossoms  show  pink. 

ARROWROOT 

Diseases,  General 

(Anon.) 

Agr.  News  (Barbados),  10  (1911),  237,  174.  (25,  654)  Destroy  diseased 

plants.  Aerate  soil  thoroly.  Rotate  with  cotton. 

ASPARAGUS 

Foot  Rot  (Zopfia) 

Farneti,  R. 

Riv.  Patol.  Veg.,  4 (1910),  18,  273.  (25,  44)  Burn  diseased  plants.  Dis- 

infect beds  with  Carbon  disulfid. 

ASTER 

Milowia 

Massee,  G. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1912,  1,  44.  (26,  551)  Sterilize 

seed  bed  with  formalin  or  steam.  Apply  coal  ashes. 

AZALEA 

Diseases,  General 

Hartmann,  J. 

Gartenwelt,  14  (1910),  19,  217.  (24,  252)  Destroy  diseased  limbs.  Sprav 

with  copper  sulfate,  1J4  percent. 

Gall  ( Exobasidium ) 

Laubert,  L. 

Handelsbl.  Deut.  Gartenbau,  24  (1909),  466;  abs.  in  Bot.  Ztg.,  2 Abt.,  67 
(1909),  20-21,  285.  (22,  351)  Use  Bordeaux  or  sulfur.  Remove  and  destroy 

diseased  parts. 

BANANA 

Banana  Disease  (Unnamed) 

Levy,  H.  Q. 

Jour.  Jamaica  Agr.  Soc.,  14  (1910),  7,  241.  (23,  747) 

Blight 

McKenney,  R.  E.  B. 

Abs.  in  Science,  n.  ser.,  31  (1910),  802,  750.  (23,  455) 
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Smut  ( Ustilagenoidella ) 

Essed,  E. 

Ann.  Bot.  (London),  25  (1911),  98,  363.  (25,  350)  Copper  sulfate  recom- 

mended. 

BARLEY 

Late  Blight  ( Helminthosporium ) 

Bakke,  A.  L. 

Proc.  Ia.  Acad.  Sci.,  19  (1912),  93.  (29,  750)  Keep  soil  in  sanitary  con- 

dition. Treat  seed  with  formalin. 

Edinburgh  and  East  of  Scotland  College  of  Agriculture  * 

Rpt.  30  (1913),  15.  (31,  147)  Formalin  and  copper  sulfate  treatment  of 

seeds  greatly  reduces  late  blight. 

Johnson,  A.  G. 

Phytopath.,  4 (1914),  1,  46.  (31,  446)  Soak  seed  five  hours  in  cold  water, 

and  then  for  fifteen  minutes  in  water  at  52°  C. 

Pleospora 

Mortensen,  M.  L. 

Tidsskr.  Landbr.  Planteavl,  16  (1909),  1,  110.  (22,  246)  Dip  seed  20 

times  in  five  minutes  in  water  at  57°  C. 

Smut  ( Ustilago ) 

Appel,  O. 

Illus.  Landw.  Ztg.,  29  (1909),  55,  521.  (22,  48)  Hot-water  treatment 

recommended. 

and  Riehm,  E. 

Arb.  K.  Biol.  Anst.  Land  u.  Forstw.,  8 (1911),  3,  343.  (26,  546)  Soak  seed 
in  water  at  50°  C.  for  seven  to  ten  minutes,  then  expose  to  air  at  50°  C.  for 
five  minutes  only. 

Broili,  J. 

Naturw.  Ztschr.  Forst  u.  Landw.,  8 (1910),  7,  335.  (23,  741) 


Naturw.  Ztschr.  Forst  u.  Landw.,  9 (1911),  1,  53.  (24,  647) 

Heald,  F.  D. 

Nebr.  Sta.  Rpt.  1907,  45.  (20,  450)  Formalin,  1-25,  hot  water,  and  copper 

sulfate  recommended. 

Gisevius,  P.,  and  Bohmer 

Illus.  Landw.  Ztg.,  30  (1910),  77,  725.  (24,  346)  Drying  apparatus  to  be 

used  in  hot-air  method  described. 

Kuhle,  L. 

Illus.  Landw.  Ztg.,  28  (1908),  67,  578.  (20,  947)  Soak  seed  in  water  at 

65°  C.  for  twelve  minutes. 

Sperling,  J. 

Illus.  Landw.  Ztg.,  30  (1910),  9,  66.  (23,  46)  Soak  seed  in  water  at  25°  C. 

for  four  hours,  and  then  expose  to  air  at  50°  C.  for  thirty  minutes. 

Tepin,  H. 

Sveriges  Utsadesfor.  Tidskr.,  19  (1909),  2,  119.  (22,  246)  Hot-water 

treatment  recommended. 
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BEAN 

Diseases,  General 

Whetzel,  H.  H. 

N.  Y.  (Cornell)  Sta.  Bui.  255.  (20,  546)  Select  clean  seed. 

Anthracnose  (Collet otrichum) 

Edgerton,  C.  W. 

La.  Sta.  Bui.  116.  (21,  549)  Select  clean  seed. 

Muncie,  J.  H. 

Mich.  Sta.  Special  Bui.  68.  (31,  542) 

Querner,  H. 

Ztschr.  Landw.  Kammer  Braunschweig,  77  (1908),  31,  367.  (20,  648) 

Good  drainage,  clean  seed,  and  application  of  ammoniacal  copper  carbonate  as 
a preventative,  recommended. 
von  Diakonoff,  H. 

Geisenh.  Mitt.  Obst  u.  Gartenbau,  24  (1909),  4,  57.  (22,  546) 

Wilcox,  E.  M.,  and  Temple,  C.  E. 

Insect  Pest  and  Plant  Disease  Bur.  Nebr.,  Div.  Bot.  Circ.  6.  (21,  642) 

Remove  and  burn  diseased  plants. 

Blight  ( Alternaria ) 

Ferraris,  T. 

Riv.  Patol.  Veg.,  3 (1909),  16,  241.  (20,  1138)  Bordeaux  or  soda  Bordeaux 

recommended. 

Blight  ( Pseudomonas ) 

Edgerton,  C.  W.,  and  Moreland,  C.  C. 

La.  Sta.  Bui.  139.  (28,  846)  Select  clean  seed  and  treat  with  corrosive 

sublimate  before  planting. 

Muncie,  J.  H. 

Mich.  Sta.  Special  Bui.  68.  (31,  542) 

Mildew,  Downy  ( Plasmopara ) 

Jarvis,  C.  D. 

Conn.  Storrs  Sta.  Rpt.  1908-09,  31.  (22,  743)  2-2-50  Bordeaux  recom- 

mended. 

Rust  ( Uromyces ) 

Fuschini,  C. 

Revista  (Conegliano),  4 ser.,  17  (1911),  19,  443;  abs.  in  Internat.  Inst.  Agr. 
(Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Diseases,  2 (1911),  11-12,  2600.  (27,  47) 
Apply  iron  sulfate  to  soil. 

Gassner,  G. 

Rev.  Secc.  Agron.  Univ.  Montevideo,  1908,  4,  125.  (22,  746) 

BEET 

Diseases,  General 

Busse,  W.,  and  Ulrich,  P. 

Mitt.  K.  Biol.  Anst.  Land  u,  Forstw.,  1909,  8,  21.  (23,  348) 
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SCHANDER,  R. 

Deut.  Zucherindus.,  35  (1910),  5,  110;  abs.  in  Centbl.  Bakt.  (etc.)*  2 Abt.,  27 
(1910),  10,  307.  (23,  745) 

Stift,  A. 

Centbl.  Bakt.  (etc.),  2 Abt.,  23  (1909),  6,  173.  (22,  347) 

Storm er,  K. 

Bl.  Zuckerrubenbau,  15  (1908),  16,  247;  17,  264;  18,  279.  (21,  52) 

WOHANKA  & CO. 

Ann.  Amer.  Rpt.  Sugar  Beet  Seed  Breeding  Sta.,  3 (1910),  30.  (26,  648) 

Club  Root  ( Urophlyctis ) 

Griffon  and  Maublanc 

Bui.  Trimest.  Soc.  Mycol.  France,  25  (1909),  2,  98.  (21,  642) 

Damping-off 

Stift,  A. 

Osterr.  Ungar.  Ztschr.  Zuckerindus.  u.  Landw.,  40  (1911),  2,  211.  (25,  349) 

Stormer,  K.,  and  Eichinger,  A. 

Fiihling’s  Landw.  Ztg.,  59  (1910),  12,  393;  abs.  in  Bl.  Zuckerrubenbau,  17 
(1910),  14,  229;  15,  245.  (24,  248)  Lime,  phosphoric  acid,  and  either  table 

salt  or  potash  recommended. 

Heart  Rot  ( Phoma ) 

Busse,  W.,  and  Ulrich,  P. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1909,  8,  21.  (23,  348)  When  tested, 

ammonium  salts  showed  no  advantage  over  saltpeter. 

Griffon  and  Maublanc 

Bui.  Trimest.  Soc.  Mycol.  France,  25  (1909),  2,  98.  (21,  642) 

Hegyi,  D. 

Ztschr.  Pflanzenkrank.,  21  (1911),  5,  269.  (26,  548)  Dry  the  seed,  fertilize 

plants,  and  cultivate  properly. 

Kappeli,  J.,  and  Morgenthaler,  O. 

Landw.  Jahrb.  Schweiz,  27  (1913),  8,  432.  (31,  344)  Employ  least  suscep- 

tible varieties.  Plant  other  and  non-susceptible  crops  between  beets  and  dusty 
roadside. 

Kruger,  W. 

Bl.  Zuckerrubenbau,  16  (1909),  24,  369.  (23,  248)  Apply  to  soil  humus  and 

a nitrogenous  fertilizer  that  will  give  an  acid  reaction. 

Labbe,  G. 

Bui.  Assoc.  Chim.  Suer,  et  Distill.,  28  (1910),  1,  119.  (24,  155)  The  addi- 

tion of  nitrogenous  fertilizers  increases  the  disease.  Heart  rot  is  more  intense 
during  dry  periods  and  less  active  with  plants  low  in  sugar  content.  Phosphoric 
acid,  humus,  and  lime  in  various  proportions  recommended. 

Lin  hart,  G. 

Monatsh.  Landw.,  1 (1908),  356;  abs.  in  Bot.  Centbl.,  110  (1909),  18,  473. 
(23,  248) 

Peters,  L. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1909,  8,  25.  (23,  248) 
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Ruhland,  W.,  and  Albrecht,  K. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1910,  10,  16.  (23,  648) 

Schander,  R. 

Deut.  Zuckerindus,  34  (1909),  6,  121;  abs.  in  Centbl.  Bakt.  (etc.),  2 Abt., 
26  (1910),  8,  309.  (23,  348)  Fertilize  with  liquid  manure  and  calcium  nitrate. 

Stift,  A. 

Osterr.  Ungar.  Ztschr.  Zuckerindus.  u.  Landw.,  40  (1911),  2,  252.  (25,  349) 

Leaf  Spot  ( Cercospora ) 

Griffon  and  Maublanc 

Bui.  Trimest.  Soc.  Mycol.  France,  25  (1909),  2,  98.  (21,  642) 

Pool,  V.  W.,  and  McKay,  M.  B. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  121,  13.  (29,  48)  Remove  tops 

from  the  field  while  still  green  and  make  into  silage.  This  process  kills  the 
fungus. 


Mildew,  Downy  ( Peronospora ) 

Griffon  and  Maublanc 

Bui.  Trimest.  Soc.  Mycol.  France,  25  (1909),  2,  98.  (21,  642) 

Stormer,  K. 

Bl.  Zuckerrubenbau,  17  (1910),  5,  88.  (23,  348) 

Root  Rot  ( Pythium ) 

Busse,  W. 

Bl.  Zuckerrubenbau,  15  (1908),  19,  297.  (20,  546) 

Hegyi,  D. 

Bui.  Trimest.  Soc.  Mycol.  France,  27  (1911),  2,  153;  abs.  in  Bot.  Centbl., 
119  (1912),  1,  19.  (26,  747)  Maintain  water  content  of  10  percent  or  less. 
Riehm,  E. 

Bl.  Zuckerrubenbau,  16  (1909),  10,  145.  (22,  347)  The  soaking  of  seed  for 

various  lengths  of  time  in  phenol,  formalin,  Bordeaux,  copper-soda  mixture,  or 
copper  sulfate  is  better  than  hot-water  treatment. 

Stormer,  K. 

Bl.  Zuckerrubenbau,  17  (1910),  5,  88.  (23,  348)  Lime  recommended. 

Root  Rot  ( Rhizoctonia ) 

Briem,  H. 

Ztschr.  Zuckerindus,  Bohmen,  36  (1911),  1,  23.  (27,  47)  Keep  plenty  of 

available  lime  in  the  soil  and  aerate  by  stirring  the  . soil  with  a hoe. 

Eriksson,  J. 

Rev.  Gen.  Bot.,  25  (1913),  298,  14.  (29,  50)  Remove  from  the  field  all 

infected  plants,  disinfect  seed,  examine  and  destroy  all  stored  roots  that  are 
diseased.  Practice  long  rotation,  four  years  or  more. 

Rust  ( Puccinia ) 

Pool,  V.  W:,  and  McKay,  M.  B. 

Phytopath.,  4 (1914),  3,  204.  (31,  842)  Destroy  salt  grass,  which  is  quite 

common  along  roadsides  and  ditches. 
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Rust  ( Uromyces ) 

Griffon  and  Maublanc 

Bui.  Trimest.  Soc.  Mycol.  France.  25  (1909),  2,  98.  (21,  642) 

Yellows  ( Bacillus ) 

Malaquin,  A.,  and  Moitie,  A. 

Engrais,  29  (1914),  9,  241.  (31,  243)  Dry  seed  at  from  40°  to  55°  C.  to  a 

water  content  of  about  7 percent.  A rigorous  selection  of  the  roots  to  be 
used  for  the  production  of  seed  is  advised. 

BLACKBERRY 

Anthracnose  ( Glceosporium ) 

Lawrence,  W.  H. 

Wash.  Sta.  Bui.  97.  (23,  452)  To  check  disease,  cut  and  burn  all  infected 

canes.  As  a preventative,  spray  with  4-4-50  Bordeaux  before  leaves  appear. 
Give  second  application  when  leaves  are  expanded. 

Crown  Gall  ( Pseudomonas ) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37.  (31,  644) 

Rust  ( Gymnoconia ) 

Wilson,  G.  W. 

N.  C.  Sta.  Rpt.  1912,  56.  (29,  50) 

BREADFRUIT 

Disease,  Unnamed 

Stockdale,  F.  A. 

Jour.  Bd.  Agr.  Brit.  Guiana,  6 (1912),  1,  14.  (28,  153)  Collect  and  burn  all 

diseased  fruits.  Spray  trees  with  4-percent  copper-sulfate  solution  or  Bordeaux. 

BRUSSELS  SPROUTS 

Club  Root  ( Plasmodiophora ) 

Worcester  County  Experimental  Garden,  Droitwich 

Ann.  Rpt.  1912;  abs.  in  Jour.  Bd.  Agr.  (London),  20  (1914),  11,  1010. 
(31,  149)  Gas  lime  or  quicklime  dug  in  or  left  on  surface,  recommended. 

CABBAGE 

Diseases,  General 

Bos,  J.  Ritzema,  and  Quanjer,  H.  M. 

Tijdschr.  Plantenziekten,  16  (1911),  4-6,  101.  (26,  546) 

Harter,  L.  L. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  448.  (27,  249) 

Blackleg  ( Phoma ) 

Manns,  T.  F. 

Ohio  (Wooster)  Sta.  Bui.  228.  (25,  653)  To  control  disease,  treat  seed 

with  formalin,  use  new  seed  beds  each  year,  and  destroy  all  diseased  plants. 
Rotate  crops. 


Club  Root  ( Plasmcdiopkora ) 

Lawrence,  W.  H. 

Wash.  Sta.  Bui.  5,  spec.  ser.  (23,  647) 

Reed,  H.  S. 

Va.  Sta.  Bui.  191.  (25,  845)  Apply  lime  at  the  rate  of  100  bushels  per  acre 

for  one  or  two  years  before  planting  cabbage.  Rotate  crops. 

Wilt  ( Fusarium ) 

Harter,  L.  L. 

Science,  n.  ser.,  30  (1909),  782,  934.  (22,  453) 

Manns,  T.  F. 

Ohio  (Wooster)  Sta.  Bui.  228.  (25,  653)  To  control  disease,  treat  seed 

with  formalin,  use  new  seed  beds  each  year,  and  destroy  all  diseased  plants. 
Rotate  crops. 


CACAO 

Diseases,  General 

Hart,  J.  H. 

West  India  Com.  Circ.  24,  289,  509;  290,  533.  (22,  151) 

Stockdale,  F.  A. 

Imp.  Dept.  Agr.  West  Indies  Pamphlet  54.  (20,  1046) 

von  Faber,  F.  C. 

Arb.  K.  Biol.  Anst.  Land  u.  Forstw.,  7 (1909),  2,  193.  (21,  749) 

Canker  ( Phytophtliora ) 

Rorer,  J.  B. 

Bui.  Dept.  Agr.  Trinidad,  9 (1910),  65,  79.  (23,  748) 

Bd.  Agr.  Trinidad  and  Tobago  Circ.  10,  1913,  13.  (29,  851)  Bordeaux 

better  than  severe  cutting  back.  See  Exp.  Sta.  Rec.,  20,  1141. 
van  Hall,  C.  J.  J.,  and  Drost,  A.  W. 

Rec.  Trav.  Bot.  Neerland.,  4 (1908),  4,  243;  Jour.  Bd.  Agr.  Brit.  Guiana,  2 
(1909),  3,  126;  Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  (1909),  5,  223 
(20,  1141) 

(Anon.) 

Agr.  News  (Barbados),  9 (1910),  214,  222.  (23,  748)  Bordeaux  recom- 

mended. 

Dieback  ( Diplodia ) 

Bancroft,  C.  K. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1910,  3,  93.  (23,  354)  Cut  out 

and  destroy  the  diseased  branches  and  parts.  Cover  wounds  with  coal  tar  and 
clay.  Manure  and  cultivate  carefully. 


CARNATION 


Leaf  Disease  ( Heterosporium ) 


Blin,  H. 

Rev.  Hort.  (Paris).  82  (1910),  5,  104.  (23,  153) 
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Rust  ( Uromyces ) 

Fondard,  L. 

Rev.  Hort.  (Paris),  82  (1910),  14,  336.  (23,  751)  Dust  thoroly  with 

sulfur  and  spray  with  copper  sulfate. 

Stem  Rot  ( Fusarium ) 

Wright,  C.  J. 

Pomona  Col.  Jour.  Econ.  Bot.,  2 (1912),  3,  315.  (28,  851)  Use  cuttings 

from  healthy  plants;  change  soil  from  year  to  year;  protect  against  extreme 
heat  and  moisture ; do  not  injure  plants  in  transplanting. 

Stem  Rot  ( Rhizoctonia ) 

Blake,  M.  A.,  and  Farley,  A.  J. 

N.  J.  Sta.  Rpt.  1910,  78.  (27,  752) 

CARROT 

Stem  Rot  ( Rhizoctonia ) 

Eriksson,  J. 

Rev.  Gen.  Bot.,  25  (1913),  298,  14.  (29,  50)  Remove  and  destroy  all  infec- 

tion. Disinfect  seed.  Practice  four-year  rotation. 

CASSAVA 

Root  Rot 

DE  KrUIJFF,  E. 

Teysmannia,  21  (1910),  3,  147.  (23,  547)  Use  lime  on  soil. 

CELERY 

Blight,  Early  ( Cercospora ) 

Streight,  E.  M. 

Veg.  Grower,  2 (1912),  3,  4.  (27,  849)  Bordeaux. 

Winters,  R.  Y. 

Fla.  Sta.  Rpt.  1908,  97.  (21,  342) 


Fla.  Sta.  Rpt.  1909,  79.  (23,  451)  Dry  Bordeaux  and  air-slaked  lime 

both  effective. 

Blight,  Late  ( Septoria ) 

Klebahn,  H. 

Jahrb.  Hamburg.  Wiss.  Anst,  30  (1912),  3,  1.  (30,  847) 


Ztschr.  Pflanzenkrank,  20  (1910),  1,  1.  (22,  746)  Bordeaux  recommended. 

Osborn,  T.  G.  B. 

Jour.  Dept.  Agr.  So.  Aust.,  16  (1912),  4,  402.  (28,  847)  Apply  dilute 

Bordeaux  or  potassium-sulfid  solution  (1  ounce  to  3 gallons  of  water).  Keep 
storehouse  dry  and  well  ventilated.  Destroy  affected  refuse  and  purchase  only 
fungus-free  seeds. 

Rogers,  S.  S. 

Cal.  Sta.  Bui.  208.  (24,  551)  Apply  5-6-50  Bordeaux  at  the  rate  of  35 

gallons  per  acre  when  the  plants  are  young.  Apply  same  strength  at  the  rate 
of  100  gallons  per  acre  when  the  plants  are  over  15  inches  high.  Spray 
seedlings. 


7 


Salmon,  E.  S. 

Gard.  Chron.,  3 ser.,  53  (1913),  1382,  414;  1384,  3.  (29,  846)  Dip  plants 

in  Bordeaux  while  planting  and  spray  with  Bordeaux  once  in  June,  in  July,  and 
in  August. 

Streight,  E.  M. 

Veg.  Grower,  2 (1912),  3,  4.  (27,  849)  Bordeaux. 

(Anon.) 

Jour.  Bd.  Agr.  (London),  16  (1910),  12,  1010.  (23,  148)  Apply  Bordeaux, 

one-half  strength,  as  soon  as  disease  appears  and  give  one  application  each 
week  thereafter  for  three  weeks. 

(Anon.) 

Gard.  Chron.,  3 ser.,  55  (1914),  1418,  150.  (31,  344)  Copper  sprays  ineffec- 

tive. Manuring  has  no  effect.  Dry  weather  and  artificial  watering  are  prob- 
ably beneficial. 


Winters,  R.  Y. 

Fla.  Sta.  Rpt.  1908,  97. 


Foot  Rot  ( Sclerotinia ) 
(21,  342) 


Fla.  Sta.  Rpt.  1909,  79.  (23,  451)  Dry  Bordeaux  and  air-slaked  lime  both 

effective. 


Scab  ( Phoma ) 


Klebahn,  H. 

Ztschr.  Pflanzenkrank.,  20  (1910),  1,  1.  (22,  746) 


Disinfect  soil. 


CHERRY 

Brown  Rot  ( Sclerotinia ) 

Barna,  B. 

Abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant 
Diseases,  3 (1912),  7,  1681.  (28,  244)  Keep  orchards  clean  and  spray. 

Salmon,  E.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  1907,  16,  267.  (20,  845) 

Canker  ( Cytospora ) 

Wormald,  H. 

Jour.  Southeast  Agr.  Col.  Wye,  1912,  21,  367.  (30,  352)  Remove  and  burn 

diseased  parts. 


Gummosis  ( Pseudomonas ) 

Barss,  H.  P. 

Ore.  Sta.  Bien.  Crop  Pest  and  Hort.  Rpt.  1911-12,  198.  (29,  154)  Use 

resistant  stock.  Cut  out  cankers  and  remove  small  infected  twigs. 
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Leaf  Scorch  ( Gnomonia ) 

Marre,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 31  (1910),  4,  121.  (23,  151)  Burn 

leaves  in  fall  and  spray  in  spring  with  Bordeaux. 

Salmon,  E.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  1907,  16,  267.  (20,  845) 

Leaf  Spot  ( Cylindrosporiinn ) 

Stewart,  V.  B. 

N.  Y.  (Cornell)  Sta.  Circ.  21  (1914).  (30,  848)  Bordeaux  5-5-50  and 

lime-sulfur  solution,  1 gallon  to  50  gallons  of  water,  recommended.  The 
addition  of  granulated  iron  sulfate  prevents  burning. 

Mildew,  Powdery  ( Podosphcerci ) 

Hein,  W.  H. 

Insect  Pest  and  Plant  Disease  Bur.  Nebr.,  Div.  Bot.  Circ.  2.  (21,  643) 

Shot-Hole  Disease  ( Cercospora ) 

Russell,  H.  L. 

Wis.  Sta.  Bui.  218.  (27,  45)  Lime  sulfur  inefficient. 

CHESTNUT 

Diseases.  General 

Metcalf,  H. 

Trans.  Mass.  Hort.  Soc.,  1912,  pt.  1,  69.  (27,  753) 

Blight  ( Endothia ) 

Anderson,  P.  J.,  and  Rankin,  W.  H. 

N.  Y.  (Cornell)  Sta.  Bui.  347  (1914).  (31,  751) 

Briosi,  G.,  and  Farneti,  R. 

Abs.  in  Bot.  Centbl.,  110  (1909),  19.  489.  (22,  749) 

Brooks,  A.  B. 

W.  Va.  Crop  Pest  Com.  Bui.  2 (1913),  12.  (30,  653) 

Carleton,  M.  A. 

Amer.  Fruit  and  Nut  Jour.,  6 (1912),  97,  78.  (28,  153) 

Metcalf,  H.,  and  Collins,  J.  F. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  141.  (21,  748)  Cut  but  and  burn 

all  infected  trees. 


U.  S.  Dept.  Agr.,  Farmers’  Bui.  467.  (26,  146)  Destroy  all  infected  trees. 

Mickleborough,  J. 

Harrisburg:  Penn.  Dept.  Forestry,  1909.  (22,  652) 

Prunet,  A. 

Bui.  Soc.  Nat.  Agr.  France,  69  (1909),  10.  926;  Rev.  Vit.,  33  (1910),  838, 
21.  (23,  49) 

Sterling,  E.  A. 

Engin  News.  60  (1908).  13.  332.  (20.  757) 


(Anon.) 

Forest  Leaves,  13  (1911),  6,  88.  (27,  252) 

CHRYSANTHEMUM 

Crown  Gall  ( Pseudomonas ) 

Laubert,  R. 

Moller’s  Deut.  Gart.  Ztg.,  28  (1913),  41,  486.  (30,  354)  Destroy  or  prune 

deeply. 

Rot  ( Botrytis ) 

Crepin,  H. 

Jour.  Soc.  Nat.  Hort.  France,  4 ser.,  11  (1910),  52.  (22,  750) 

CINERARIA 

Rust  ( Coleosporium ) 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  33  (1908),  2,  511.  (20,  550)  Spray  with 

potassium  permanganate. 


CLOVER 

Anthracnose  ( Glooosporium ) 

Bain,  S.  M.,  and  Essary,  S.  H. 

Science,  n.  ser..  31  (1910).  802,  756.  (23.  448) 

Fulton,  H.  R. 

Science,  n.  ser..  31  (1910),  802,  752.  (23,  448)  Rotation  of  crops  and  early 

mowing  of  infected  fields  recommended. 

Stem  Rot  ( Rhisoctonia ) 

Eriksson,  J. 

Rev.  Gen.  Bot.,  25  (1913),  298,  14.  (29,  50)  Remove  from  field  all  infected 

plants;  disinfect  seed;  examine  and  destroy  all  stored  roots  that  are  diseased; 
practice  long  rotation,  four  years  or  more. 

COCONUT 

Bleeding  Stem  ( Thielaviopsis ) 

Petch,  T. 

Brit.  Mycol.  Soc.  Trans.,  3 (1908),  pt.  2,  108.  (22,  248)  Cut  out  diseased 

tissue,  scorch  interior  with  torches,  and  paint  with  hot  coal  tar. 

Bud  Rot  ( Bacillus ) 

Ashby,  S.  J. 

Jour.  Jamaica  Agr.  Soc.,  17  (1913),  11,  20.  (30,  652) 

Horne,  W.  T. 

Estac.  Cent.  Agr.  Cuba  Bui.  15,  English  Ed.  (21,  245)  Burn  out  all 
suspected  cases  and  spray  with  Bordeaux  for  protection  of  healthy  trees. 
Ollson-Seffer,  R. 

Rev.  Trop.  Agr.,  2 (1912),  4,  295.  (27,  353)  Destroy  diseased  buds  early 

and  apply  fungicide  promptly  to  points  of  new  infection. 
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Rorer,  J.  B. 

Dept.  Agr.  Trinidad  and  Tobago,  Bui.  11  (1912),  70,  68.  (27,  751)  Ob- 

serve proper  sanitary  measures. 

Wates,  L.  A. 

Jour.  Jamaica  Agr.  Soc..  13  (1909),  12,  434.  (23,  49) 

Dieback  ( Diplodia ) 

Ashby,  S.  J. 

Jour.  Jamaica  Agr.  Soc.,  17  (1913),  11,  20.  (30,  652) 

Fredholm,  A. 

Proc.  Agr.  Soc.  Trinidad  and  Tobago,  9 (1909),  3,  159.  (21,  150)  Observe 

proper  sanitary  precautions. 

Leaf  Disease  ( Pestalozzia ) 

Stockdale,  F.  A. 

West  Indian  Bui.  9 (1909),  4,  361.  (21,  150) 

Root  Disease  ( Botryodiplodia ) 

Stockdale,  F.  A. 

West  Indian  Bui.  9 (1909),  4,  361.  (21,  150) 

Root  Disease  ( Fomes ) 

Petch,  T. 

Circs,  and  Agr.  Jour.  Roy.  Bot.  Gard.,  Ceylon,  4 (1910),  24,  323.  (23,  549) 

Dead  or  badly  diseased  trees  should  be  dug  up  and  the  butt  end  and  two  or 
three  feet  of  the  trunk  above  the  ground  should  be  burned. 

Wates,  L.  A. 

Jour.  Jamaica  Agr.  Soc.,  13  (1909),  12,  434.  (23,  49)  Cut  out  diseased 

parts  of  roots  and  cauterize  parts  with  hot  tar  or  by  burning. 

COFFEE 

Leaf  Spot  (Splicer ostilbe) 

Massee,  G. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1909,  8,  337.  (22,  51)  Treat 

soil  with  carbon  bisulfid. 

(Anon) 

Agr.  News  (Barbados),  8,  (1909,)  193,  292.  (21,  749)  Remove  affected 

plants,  spray,  and  give  careful  attention  to  tillage. 

Phythora  Vastatrix 

D’Herelle,  F.  H. 

Ann.  Soc.  Rural  Argentina,  44  (1910),  68,  40.  (23,  749)  Lime  soil  heavily, 

use  non-acid  fertilizers,  and  prune  trees  to  obtain  a better  circulation  of  air 
and  to  get  more  sunlight  on  the  ground. 

Root  Rot  ( Rosellinia ) 

Patouillard,  N. 

Jour.  Agr.  Trop.,  10  (1910),  104,  58.  (23,  251)  Infected  trees  should  be 

dug  up  and  their  roots  completely  burned  in  the  hole  from  which  they  were 
removed. 


Rust  ( Hemileia ) 


Dybowski,  J. 

Agr.  Prat.  Pays  Chauds,  9 (1909),  71,  159.  (21,  150) 

von  Faber,  F.  C. 

Tropenpflanzer,  13  (1909),  5,  235.  (22,  51) 

Silver  Thread  Blight 

Kuijper,  J. 

Dept.  Landb.  Suriname  Bui.  28,  1912,  11.  (29,  351)  Bordeaux  recom- 

mended. 

COLOCASIA 

Blight  ( Phytophthora ) 

Butler,  E.  J.,  and  Kulkarni,  G.  S. 

Mem.  Dept.  Agr.  India,  Bot.  Ser.,  5 (1913),  5,  233.  (31,  52)  Spray; 

remove  and  destroy  all  spotted  leaves. 

CORN 

Ear  Rot  ( Diplodia ) 

Burrill,  T.  J.,  and  Barrett,  J.  T. 

111.  Sta.  Bui.  133.  (21,  146)  Destroy  all  old  stalks  from  infected  field  and 

cease  planting  corn  in  this  field  for  at  least  two  years. 

Smut  ( Ustilago ) 

Collens,  , A.  E. 

Dept.  Agr.  Trinidad,  Bui.  Agr.  Inform.,  1909,  n.  ser.,  61,  33.  (22,  47) 

Johnston,  T.  H. 

Agr.  Gaz.  N.  S.  Wales,  21  (1910),  1,  43.  (22,  745) 

COTTON 

Anthracnose  ( Colletotrichum ) 

Barre,  H.  W. 

S.  C.  Sta.  Circ.  1.  (27,  446) 


S.  C.  Sta.  Rpt.  1909,  89.  (22,  648) 


S.  C.  Bui.  164.  (27,  446)  Use  clean  seed  and  rotate. 


S.  C.  Sta.  Rpt.  1911,  23.  (26,  647) 


S.  C.  Sta.  Rpt.  1913,  14.  (30,  538) 

and  Aull,  W.  B. 

Science,  n.  ser.,  40  (1914),  1020,  109.  (31,  643)  Soak  seed  in  water  at 

70°  C.  for  15  minutes  before  planting. 

Fulton,  H.  R.,  Winston,  J.  R.,  and  Cromwell,  R.  O. 

Abs.  in  Phytopath.,  4 (1914),  1,  42.  (31,  344) 
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Gilbert,  W.  W. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  555.  (29,  751)  Use  resistant  varieties. 

Clean  seed.  Plow  in  fall.  Rotate. 

Blight  ( Bacterium ) 

McCall,  J.  S.  J. 

Nyasaland  Agr.  and  Forestry  Dept.  Bui.  2 (1910).  (23,  347)  Soak  seed  in 

bichlorid  of  mercury  or  formalin  for  an  hour  before  planting. 

Texas  Root  Rot  ( Ozonium ) 

Heald,  F.  D. 

Texas  Dept.  Agr.  Bui.  22  (1911).  (30,  538)  Rotate  with  wheat,  corn, 

and  sorghum.  Plow  in  fall. 


Lewis,  A.  C. 

Ga.  Bd.  Ent.  Bui.  34. 


Wilt  ( Fusarium ) 
(25,  44) 


Ga.  Bd.  Ent.  Bui.  28.  (21,  51) 


COWPEA 

Wilt  ( Fusarium ) 

Arnaud,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  31  (1910),  43,  517.  (24,  347)  Disin- 

fect soil  with  carbon  bisulfid  and  formalin.  Plant  resistant  varieties  and  rotate. 

CRANBERRY 

Blight 

Shear,  C.  L. 

Proc.  Wis.  Cranberry  Growers’  Assoc.,  22  (1909),  4.  (21,  52)  Bordeaux 

recommended. 


CUCUMBER 

Canker  ( Mycospharella ) 

Massee,  G. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1909,  7,  292,  pt.  1 ; Jour.  Bd.  Agr. 
(London),  16  (1909),  7,  579.  (22,  50)  Bordeaux  recommended. 

Middleton,  T.  H. 

Bd.  Agr.  and  Fisheries  (London),  Ann.  Rpt.  Intel.  *Div.  1910-11,  pt.  2,  54. 
(27,  353) 

(Anon) 

Gard.  Chron.,  3 ser,  54  (1913),  1393,  167.  (30,  148) 

Leaf  Spot  ( Corynespora ) 

Altheimer 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  11  (1913),  9,  109.  (30,  450) 

Treat  seed  with  2-percent  copper-sulfate  solution  before  using  or  shipping. 
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Grosser,  W. 

Illus.  Schles.  Monatschr.  Obst.  Gemiise  u.  Gartenbau,  2 (1913),  8,  137. 
(30,  149)  Before  planting,  soak  seed  four  hours  in  .5-percent  formalin  solu- 
tion. Spray  with  .4-percent  Bordeaux. 

Laubert,  R. 

Deut.  Landw.  Presse,  38  (1911),  71,  819.  (26,  447)  Destroy  all  infectior 

and  spray  with  Bordeaux. 

Quanjer,  H.  M. 

Tijdschr.  Plantenziekten,  14  (1908),  78;  abs.  in  Meded  Rijks  Hoogere  Land, 
Tuin  en  Boschbouwsch.,  1 (1908),  159.  (22,  346)  Bordeaux  recommended. 


Mildew,  Downy  ( Plasmopara ) 


Jarvis,  C.  D. 

Conn.  Storrs  Sta.  Rpt.  1908-09,  31.  (22,  743)  2-2-50  Bordeaux  recommended. 


Kock,  G. 

Ztschr.  Landw.  Versuchw.  Osterr.,  12  (1909),  2,  67.  (23,  47) 


Burger,  O.  F. 

Fla.  Sta.  Bui.  121  (1914). 


Rot 

(30,  648) 


CURRANT 


Leaf  Spot  (Glceosporium) 

Lustner,  G. 

Amtsbl.  Landw.  Kammer,  Wiesbaden,  91  (1909),  15,  102;  16,  107.  (22. 

746)  Bordeaux  recommended. 

Rosenthal,  H. 

Deut.  Obstbau  Ztg.,  1910,  14,  172.  (23,  650)  Apply  ^-percent  soda  Bor- 

deaux eight  days  after  blossoming  and  again  after  berries  are  gathered. 


Mildew  (Sphcero theca) 

Lustner,  G. 

Amtsbl.  Landw.  Kammer,  Wiesbaden,  91  (1909),  15,  102;  16,  107.  (22,  746) 

Apply  solution  of  1 kilogram  of  potassium  sulfid  to  100  liters  of  water.  Spray 
every  ten  days ; five  to  eight  applications  per  season. 


Rust  ( Cronartium ) 

Ewert,  R. 

Ztschr.  Pflanzenkrank..  23  (1913),  8,  463.  (31,  346) 

deaux. 


Apply  1-percent  Bor- 


DAHLIA 

Root  Rot  ( Botrytis ) 

Cook,  M.  T.,  and  Schwarze,  C.  A. 

Phytopath.,  3 (1913),  3,  171.  (30,  151)  Keep  storage  room  dry,  cool,  and 

well  ventilated. 
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DEWBERRY 

Rust 

Wilson,  G.  W. 

N.  C.  Sta.  Rpt.  1912,  56.  (29,  50) 

ELM 

Twig  Disease  ( Exosporium ) 

Eriksson,  J. 

Mycol.  Centbl.,  1 (1912).  2.  35.  (27,  451)  Inspect  nursery  stock  and 

burn  all  diseased  twigs. 


EUONYMUS 

Mildew,  Powdery 

Foex,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  46.  614.  (22,  351)  Bor- 

deaux or  potassium  permanganate  recommended. 

Janey,  P. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  43,  499.  (22,  351)  Dust 

shrubs  with  sulfur. 


FIG 

Canker  ( Libertella ) 

Dallimore,  W. 

Jour.  Bd.  Agr.  (London).  17  (1910),  1.  47.  (23,  454)  Cut  out  infection 

and  burn.  Coat  wounds  with  tar. 

Macrophoma 

Wolf,  F.  A. 

Ann.  Mycol  , 9 (1911),  6,  622.  (26,  449)  Remove  and  burn  all  diseased 

twigs  and  branches  early  in  the  season. 

FLAX 

Wilt  ( Fusarium ) 

Dallimore,  W. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  9 (1913),  335.  (30,  648)  A 

continual  rotation  of  crops  is  recommended. 

GINSENG 

Black  Rot  ( Rlxizoctonia ) 

Osner,  G.  A. 

Proc.  Ind.  Acad.  Sci.,  1911,  355.  (29,  751)  Destroy  affected  parts  and 

apply  Bordeaux. 

Rankin,  W.  H. 

Spec.  Crops,  n.  ser.,  8 (1909),  87,  208.  (22,  246) 

Blight  ( Alternaria ) 

Ho  WITT,  J.  E. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  38  (1912),  29.  (30,  649) 
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Whetzel,  H.  H. 

Spec.  Crops,  n.  ser.,  11  (1912),  117,  91.  (27,  446)  3-3-50  Bordeaux  recom- 

mended. Lime  sulfur  found  injurious. 

and  Rankin,  W.  H. 

Spec.  Crops,  n.  ser.,  9 (1910),  93,  327.  (23,  547)  Bordeaux  and  Paris 

green  found  effective. 

and  Rosenbaum,  J. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  250.  (27,  649) 

Fiber  Rot  ( Thielazia ) 

Whetzel,  H.  H. 

Spec.  Crops,  n.  ser.,  8 (1909),  88,  229.  (22,  454) 


Spec.  Crops,  n.  ser.,  8 (1909),  84,  143.  (21,  643)  Reduce  alkalinity  of  the  soil. 
and  Osner,  G. 

Spec.  Crops,  n.  ser.,  9 (1910),  97,  411.  (24,  153)  Reduce  alkalinity  of 

the  soil  by  applying  acid  phosphate. 

Root  Rot.  ( Sclerotinia ) 

Rankin,  W.  H. 

Phytopath.,  2 (1912),  1,  28.  (27,  247)  Eradicate  affected  roots.  Disin- 

fect soil  with  steam  or  formalin. 

GOOSEBERRY 

Dieback  ( Sclerotinia ) 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  17  (1910),  1,  1.  (23,  453)  Remove  and  burn 

all  diseased  bushes. 

Leaf  Spot  ( Glcoosporium ) 

Lustner,  G. 

Amtsbl.  Landw.  Kammer,  Wiesbaden,  91  (1909),  15,  102;  16,  107.  (22, 

746)  Bordeaux  recommended. 

Mildew  ( Sphcsrotheca ) 

Dorogin,  G. 

Ztschr.  Pflanzenkrank.,  23  (1913),  6,  334.  (31,  546)  Remove  and  destroy 

in  autumn  all  parts  of  plants  suspected  of  being  diseased.  Follow  immediately 
and  again  in  early  spring  by  spraying  plants  and  earth  with  3-percent  iron- 
sulfate  solution. 

Eriksson,  J. 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  6 (1908),  11,  121.  (20,  1044) 


Deut.  Obstbau  Ztg.,  1909,  22-23,  340;  abs.  in  Centbl.  Bakt.  (etc.),  2 Abt., 
26  (1910),  4-5,  110.  (22,  747)  Select  resistant  varieties,  and  prune  and  burn 

infected  shoots  in  fall. 

Foex,  E. 

Jour.  Soc.  Nat.  Hort.  France,  4 ser.,  14  (1913),  775;  abs.  in  Jour.  Agr. 
Prat.,  n.  ser.,  26  (1913),  49,  717.  (30,  750)  Cut  and  burn  all  affected  parts; 
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turn  the  soil ; spray  in  autumn  with  3-percent  Bordeaux  and  in  spring  and  sum- 
mer with  .2-percent  potassium  sulfid. 

Fron,  G. 

Ann.  Inst.  Nat.  Agron.,  2 ser.,  8 (1909),  1,  131.  (21,  448) 

Hegyi,  D. 

Rev.  Phytopath.  Appl.,  1 (1914),  22-23,  30.  (31,  843)  Bordeaux  applied 

once  or  twice  during  winter  at  5-percent  strength  and  in  early  spring  at  1-per- 
cent strength  recommended. 

Hiltner,  L.,  and  Korff 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  11  (1913),  6,  73.  (29.  850) 

Kock,  G. 

Verhandl.  K.  K.  Zool.  Bot.  Gesell.  Wien,  59  (1909),  1-2,  48;  3-4,  49;  abs. 
in  Centbl.  Bakt.  (etc.),  2 Abt..  25  (1909),  19,  519.  (22,  743) 


Separate  from  Obstziichter,  8 (1913).  (31,  749)  Cut  and  burn  all  infected 

shoots  in  autumn.  Spray  with  lime  sulfur  in  autumn  and  again  just  before 
foliage  appears.  Apply  sulfur  liberally  to  the  disease  at  any  time. 

Lemcke,  A. 

Separate  from  Georgine,  Land  u.  Forstw.  Ztg.,  1909,  39.  (22,  348)  One- 

half  percent  solution  of  potassium  sulfid  recommended. 

Lind,  G. 

K.  Landtbr.  Akd.  Handl.  och  Tidskr.,  48  (1909),  1.  33.  (22,  247) 

Long,  H.  C. 

Gard.  Chron.,  3 ser.,  52  (1912),  1354,  421.  (28,  650)  In  autumn  cut  and 

burn  all  infected  parts.  Early  in  season  spray  with  copper-sulfate  solution  and 
later  with  potassium  sulfid. 

Lustner,  G. 

Amtsbl.  Landw.  Kammer,  Wiesbaden,  91  (1909),  15,  102;  16,  107.  (22,  746) 

Bordeaux  recommended. 

Marc hal,  E. 

Ztschr.  Pflanzenkrank.,  20  (1910),  4,  234.  (23,  551)  Spray  with  35-per- 

cent solution  of  lime  sulfur  and  burn  badly  diseased  branches  and  canes. 

Middleton,  T.  H. 

Bd.  Agr.  and  Fisheries  (London),  Intel.  Div.  Ann.  Rpt.  Proc.  1909-10,  5. 
(25,  247)  In  fall  or  winter  remove  and  burn  all  infected  parts. 

Bd.  Agr.  and  Fisheries  (London),  Ann.  Rpt.  Intel.  Div.  1910-11,  pt.  2,  4. 
(27,  353)  Spraying  and  pruning  effective. 

Oberstein,  O. 

Ztschr.  Pflanzenkrank.,  20  (1910),  8,  449.  (24,  649) 

Salmon,  E.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  1907,  16,  267.  (20,  845) 


Jour.  Southeast  Agr.  Col.  Wye,  1909,  18,  271.  (25,  248)  To  prevent  spread 

of  disease  in  summer  thne,  spray  with  potassium  sulfid. 


27 


Salmon,  E.  S. 

Proc.  Assoc.  Econ.  Biol..  1 (1909),  4,  150.  (21,  748) 

and  Wright,  C.  B.  W. 

Jour.  Bd.  Agr.  (London),  19  (1913),  12,  994.  (29,  249) 

Steffen 

Prakt.  Rathgeber  Obst  u.  Gartenbau,  1909,  257 ; abs.  in  Ztschr.  Landw. 
Versuchsw.  Osterr.,  13  (1910),  1,  58.  (23,  353)  Cut  and  burn  affected  canes 
Spray  every  ten  days  with  solution  of  700  grams  potassium  sulfid  and  100 
liters  water.  Just  before  leaves  appear  apply  mixture  of  Bordeaux  and  potas- 
sium sulfid. 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37  (1914).  (31,  644) 

Vinson,  R.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  1911,  20,  427.  (28,  448)  Spray  and  prune. 

Wagner 

Landw.  Ztschr.  Rheinprovinz,  11  (1910),  35,  527.  (24,  452)  During  winter 

cut  and  burn  all  infected  parts. 

Williams,  C.  M. 

Ann.  Rpt.  Quebec  Soc.  Protec.  Plants  (etc.),  3 (1910-11),  80.  (26,  345) 

Lime  sulfur  recommended.  Potassium  sulfid  and  Bordeaux  to  be  relied  upon. 
(Anon.) 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  8 (1908),  3,  479.  Remove  and 
burn  affected  parts  and  spray  with  Bordeaux. 

(Anon) 

Jour.  Bd.  Agr.  (London),  16  (1909),  2,  117.  (21,  447)  Spray  thoroly ; 

prune  and  burn  all  affected  shoots. 

GRAPE 

Diseases,  General 

Bioletti,  F.  T. 

Cal.  Sta.  Bui.  197.  (20,  548) 

DE  CASTELLA,  F. 

Jour.  Dept.  Agr.  Victoria.  9 (1911),  6,  394;  7,  462;  9,  651;  10.  673.  (26, 

244) 

Molz,  E. 

Ber.  K.  Lehranst.  Wein,  Obst  u.  Gartenbau  Geisenheim,  1907,  316.  (21,  52) 

Nazari,  V. 

Staz.  Sper.  Agr.  Ital.,  42  (1909),  9,  609.  (23,  650) 

Anthracnose 

Degrully,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  35  (1914),  2,  33.  (31,  346)  Spray 

with  solution  of  8 parts  of  sulfuric  acid  and  from  10  to  15  parts  of  iron  sul- 
fate to  100  parts  of  water. 

Zacharewicz,  E. 

Rev.  Vit.,  39  (1913),  1015,  760.  (29,  849)  Powdered  lime,  cement,  and 

mineral  superphosphate  (2-1-1  by  weight)  applied  three  times  at  intervals  of 
ten  days  has  been  found  effective. 
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Anthracnose  ( Gloeosporium ) 

Bos,  J.  Ritzema 

Tijdschr.  Plantenziekten.  15  (1909),  3-5,  95.  (23,  353) 

Anthracnose  ( Sphaceloma ) 

Hawkins,  L.  A. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  105.  (28,  649)  Prune  and  spray 

with  lime  sulfur  when  dormant.  Apply  Bordeaux  after  winter  spraying. 
Perold,  A.  I. 

Agr.  Jour.  Cape  Good  Hope,  37  (1910),  4,  370.  (24,  350)  Dust  mixture 

of  lime  and  sulfur  on  vines  in  summer. 

Apoplexy  ( Polyporus ) 

Ravaz,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  45,  574.  (22,  247)  Cut 

out  diseased  tissues  and  cover  wounds  with  tar. 

Vinet,  E. 

Rev.  Vit.,  32  (1909),  835.  676.  (22.  651)  Cut  out  diseased  tissues  and 

cover  wounds  with  tar. 


Black  Rot  ( Guignardia ) 

Capus,  J. 

Bui.  Mens.  Off.  Renseig.  Agr.  (Paris),  10  (1911),  4,  456.  (25,  550)  Bor- 

deaux and  Burgundy  mixtures  recommended. 

Hawkins,  L.  A. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  65.  (24,  50)  Disease  can  be 

controlled  with  five  applications  of  4-3-50  Bordeaux,  soap  being  used  in  final 
application. 

Lerou,  J. 

Rev.  Vit.j  37  (1912),  957,  526.  (27,546) 

Prunet,  A. 

Rev.  Vit.,  39  (1913),  1000,  228.  (29,  349)  Spray  with  solution  of  copper 

sulfate  or  solution  of  sulfuric  acid  until  bloom  appears. 

Ravaz,  L. 

Ann.  Sci.  Agron.,  3 ser.,  3 (1908),  2,  179.  (20,  949)  Spray  with  copper 

fungicides  every  ten  days  during  early  part  of  season. 

Reddick,  D. 

West  N.  Y.  Hort.  Soc.  Proc . 54  (1909),  127.  (22.  651) 

Shear,  C.  L.,  Miles,  G.  F.,  and  Hawkins,  L.  A. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  155.  (22,  50)  4-3-50  Bordeaux 

or  copper  acetate,  1 pound  to  50  gallons  of  water,  recommended. 

Soursac,  L. 

Ann.  ficole  Nat.  Agr.  Montpellier,  n.  ser..  8 (1908),  2,  151;  8 (1909),  3, 
161.  (21,  52) 

Taft,  L.  R. 

Mich.  Sta.  Rpt.  1909,  152.  (22,  651)  Spray  with  4-4-50  Bordeaux  in  early 

spring.  If  necessary  apply  2-1-50  Bordeaux  after  July  15. 
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Wilson,  C.  S.,  and  Reddick,  D. 

N.  Y.  (Cornell)  Sta.  Bui.  266.  (21,  344)  Plow  to  cover  all  rotten  clusters 

and  leaves,  keep  down  weeds,  keep  vines  off  ground,  and  spray  thoroly  with 
5-5-50  Bordeaux. 

Chlorosis 

Bernatzky,  J. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  8.  (21,  551) 

Chancrin,  E. 

Jour.  Agr.  Prat.,  n.  ser.,  23  (1912),  22,  683;  23,  715.  (27,  850) 

Crown  Gall 

Hedgcock,  G.  G. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  183.  (23,  650)  Remove  and 

burn  diseased  vines.  Deep  planting  in  arid  regions  recommended. 

Gray  Rot  ( Botrytis ) 

Istvanffi,  G. 

Ann.  Sci.  Agron.,  3 ser.,  3 (1908),  2,  196.  (20,  949) 

Lafforgue,  G. 

Rev.  Vit.,  39  (1913),  1001,  245;  Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34 
(1913),  30,  104.  (29,  349)  Powdered  lime,  85  percent,  and  powdered  potas- 

sium permanganate  recommended. 

Thouret,  A.,  and  Vidal,  J.  L. 

Rev.  Vit.,  40  (1913),  1023,  117.  (29,  849) 

Total,  E.. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  43,  499.  (22,  349)  Apply 

Bordeaux  and  soap  when  grapes  reach  full  size. 

Zacharewicz,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  48,  664.  (22,  454) 

Alternate  applications  of  a liquid  fungicide  (copper  sulfate,  powdered  soap, 
and  water)  followed  when  dry  by  sulfur,  recommended. 


Rev.  Vit.,  34  (1910),  887,  671.  (24,  649) 

Mildew 

Andre,  S. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  31  (1910),  33,  198.  (24,  51) 

Brunet,  R. 

Rev.  Vit.,  34  (1910),  879,  421.  (24,  452)  Alternate  spraying  with  Bordeaux 

and  dusting  vines  and  fruit  with  sulfur  to  which  has  been  added  10  percent 
of  copper  sulfate,  proved  efficient. 

Burns,  W. 

Dept.  Agr.  Bombay  Bui.  36  (1910).  (24,  649)  Three  applications  of 

3-2-25  Bordeaux  followed  by  a fourth  application  of  3-2-40  Bordeaux  recom- 
mended. 

Cadoret,  A. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre).  31  (1910),  31,  137.  (24,  50) 


Cadoret,  A. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) . 34  (1913),  18,  557.  (29,  551)  For 

early  attack  spray  with  Bordeaux  or  copper  acetate  twice  at  intervals  of 
fifteen  days.  For  June  attacks  follow  the  above  spraying  with  a powder  of 
bolted  lime,  sulfur,  and  copper  sulfate,  60-30-10  respectively. 

Gervies,  A. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  31  (1910),  35,  256.  (24,  51) 

Alternate  spraying  with  copper-sulfate  solution  and  dusting  with  mixture  of 
copper  sulfate  and  sulfur  recommended. 

Labergerie 

Jour.  Agr.  Prat.,  n.  ser  , 20  (1910),  38,  369.  (24,  250)  Bordeaux  recom- 

mended. 

Maisonneuve,  P. 

Rev.  Vit.,  34  (1910),  889,  709  (24,  649)  Bordeaux  recommended  over 

copper  oxychlorid. 

Szigethi-Gyula,  A.,  and  Dupuis,  L. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  13.  (21,  551) 

Vermorel,  V.,  and  Dantony,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 31  (1910),  30,  101;  abs.  in  Rev.  Vit.,  34 
(1910),  866,  71.  Spray  with  solution  of  20  grams  of  silver  nitrate  and  300 
grams  of  white  soap  in  100  liters  of  water. 

Zacharewicz,  E. 

Rev.  Vit.,  34  (1910),  887,  671  (24,  649) 

Mildew,  Downy  ( Plasmopara ) 

Belle  and  Fondard 

Rev.  Vit.,  32  (1909),  812,  47.  (21,  644) 

Bolle,  J. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  16  (1913),  4,  299.  (30,  448) 

Bretschneider,  A. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  13  (1910),  3,  135.  (23,  651) 

Ztschr.  Landw.  Versuchsw.  Osterr.,  14  (1911),  5,  806.  (25,  751) 


Monatsh.  Landw..  5 (1912),  5,  138.  (27,  652) 

Ztschr.  Landw.  Versuchsw.  Osterr.,  15  (1912),  2,  147.  (27,  652) 

Burns,  W. 

Dept.  Agr.  Bombay  Bui.  45  (1911).  (27,  49)  Thoro  and  timely  spraying 

with  Bordeaux  recommended. 

Caors,  C. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  33  (1912),  5,  140.  (26,  750)  Spray, 

taking  care  to  reach  under  sides  of  leaves. 

Capus,  J. 

Rev.  Vit.,  39  (1913),  1013,  693.  (29,  849) 


(20,  1139) 


Chappaz,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 30  (1909),  10,  285. 

Chuard,  E. 

Compt.  Rend.  Acad.  Sci.  (Paris),  150  (1910),  13,  839.  (23.  453)  Bor- 

deaux, 2-percent  strength,  recommended. 

Faes,  H. 

Chron.  Agr.  Vaud.,  21  (1908),  8,  189;  9,  207.  (20,  548)  Spray  with 

2-percent  Bordeaux  every  fifteen  days  First  application,  50  gallons  per  acre 
subsequent  applications,  75  to  100  gallons  per  acre. 

Terre  Vaud.,  1 (1909),  9,  85.  (23,  251) 

Rev.  Vit.,  36  (1911),  933,  489;  934,  517;  935,  545.  (26,  550)  Direct  fungi- 

cide to  under  sides  of  leaves. 

Gerneck,  R. 

Weinbau  u.  Weinhandel,  30  (1912),  47,  498.  (29,  449)  Early  and  timely 

spraying  with  1-percent  Bordeaux,  repeated  whenever  rain  falls,  is  recommended. 
Gouthiere,  H. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  17,  507.  (21,  245) 

Guichard,  J. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  21,  621.  (22,  349) 

Copper  oxychlorid  applied  (1)  about  flowering  period  and  (2)  immediately  after 
flowering  period,  is  very  effective. 

Hein,  W.  H. 

Insect  Pest  and  Plant  Disease  Bur.  Nebr.,  Div.  Bot.  Circ.  4.  (21,  643) 

Heron,  G. 

Jour.  Agr.  Prat.  Vit.  et  £con.  Rurale  Midi  France.  109  (1913),  5.  192 
(31,  151)  Burgundy  mixture  recommended. 

Krankoff,  J.  J. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) . 33  (1912),  11.  334.  (27,  49)  Early 

and  repeated  spraying  with  Bordeaux  recommended. 

Lerou,  J. 

Rev.  Vit.,  37  (1912),  957,  526.  (27,  546) 

Lustner,  G. 

Ber.  K.  Lehranst.  Wein,  Obst  u.  Gartenbau  Geisenheim,  1908,  111.  (22, 

349)  One-percent  Cucasa  or  copper  soda  recommended. 

Meissner,  R. 

Weinbau  u.  Weinhandel,  26  (1908),  43,  387.  (20,  549)  Two-percent  Bor- 

deaux recommended. 

Muller,  K. 

Grossh.  Bad.  Landw.  Vers.  Anst.  Augustenb.  Flugbl.,  1 (1913),  12;  in  Ber 
Grossh.  Bad.  Landw.  Vers.  Anst.  Augustenb.,  (1912).  (31,  346) 

Muller,  H.,  and  Thurgau 

Weinbau  u.  Weinhandel,  29  (1911),  29,  346;  46,  521  (26,  450)  Spray 

under  sides  of  leaves  with  Bordeaux. 
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Perold,  A.  J. 

Agr.  Jour.  Cape  Good  Hope,  37  (1910),  4,  370.  (24,  350)  Apply  flowers 

of  sulfur. 

Sauret,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  35  (1914),  19,  582.  (31,  544) 

Apply  liquid  fungicide  containing  2 kilograms  copper  sulfate  and  1 kilogram 
of  lime  or  carbonate  of  soda. 

SCHELLENBERG,  H. 

Landw.  Jahrb.  Schweiz,  22  (1908),  5,  284.  (20,  757) 

Landw.  Jahrb.  Schweiz.  26  (1912),  6,  420.  (28,  152)  Bordeaux  recom- 

mended. 

Thiebaut,  V. 

Rev.  Vit..  33  (1910),  862,  691.  (23,  746)  Apply  mixture  of  1 part  quick- 

lime, 2 parts  sublimed  sulfur,  and  2 parts  copper  sulfate. 

Zacharewicz,  E. 

Rev.  Vit.,  34  (1910),  887,  671.  (24,  649) 


Rev.  Vit.,  40  (1913),  1025,  171.  (30,  150)  Copper-sulfate  mixtures  recom- 

mended. 

(Anon.) 

Weinbau  u.  Weinhandel,  26  (1908),  20,  193.  (21,  54)  Tenax,  (consisting 

of  equal  proportions  of  copper  sulfate,  clay-treated  sulfuric  acid,  and  soda) 
in  a 1-percent  solution  is  recommended. 

Mildew,  Powdery  ( Uncinula ) 

Chappaz,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  30  (1909),  18,  532.  (22,  247) 

Combinations  of  treatments  of  sulfur  and  copper  recommended. 
de  Istvanffi,  G. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  14.  (21,  551)  A 

mixture  of  bisulfite  of  soda  and  sulfur  recommended. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  9.  (21,  551)  Late 
autumn  spraying  recommended. 

Lerou,  J. 

Rev.  Vit.,  37  (1912),  957,  526.  (27,  546) 

Necrosis  ( Fusicoccum ) 

Reddick,  D. 

N.  Y.  (Cornell)  Sta.  Bui.  263.  (21,  148)  Eradicate  disease  by  removing 

and  burning  all  diseased  parts.  To  prevent  new  infection,  spray  in  May  or  June. 

Pourridie 

Szigethi-Gyula,  A. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  16.  (21,  550)  Lime  at 
the  rate  of  2 kilograms  or  10  liters  of  milk  of  lime  to  a vine  recommended. 
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Red  Spot  ( Pseudopeziza ) 

Dummler 

Wchnbl.  Landw.  Ver.  Baden,  1910,  415;  abs.  in  Ztschr.  Landw.  Versuchsw. 
Osterr.,  13  (1910),  6,  597.  (24,  351)  Two-percent  Bordeaux  recommended. 

Lustner,  G. 

Ber.  K.  Lehranst.  Wein,  Obst  u.  Gartenbau  Geisenheim,  1910,  175.  (26, 

144)  Manure  applied  to  light  sandy  soil  increases  resistance. 
Muller-Thurgau,  H. 

Landw.  Jahrb.  Schweiz.  26  (1912),  6,  313.  (28,  55)  Bordeaux  recom- 

mended. 

Root  Rot  ( Pestalozzia ) 

Wolf,  F.  A. 

Nebr.  Sta.  Rpt.  1907,  69.  (20,  451) 

Sun  Scald 

Pacottet,  P. 

Rev.  Vit.,  32  (1909),  813,  57.  (23,  48)  Prune  judiciously  and  whitewash 

glass  of  greenhouse. 

White  Rot  ( Coniothyrium ) 

Degrully,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  36,  289.  (30,  247) 

Spray  with  fungicide  high  in  copper  content. 

Istvanffi,  G. 

Ann.  Sci.  Agron.,  3 ser.,  3 (1908),  2,  183.  (20,  950)  Apply  3-percent 

Bordeaux.  Later  dust  with  powder  containing  copper  and  sulfite  of  soda. 
Begin  application  immediately  after  flowering. 

GRAPE  FRUIT 

Scab 

Fawcett,  G.  L. 

Porto  Rico  Prog.,  6 (1914),  22,  6.  (31,  152)  Remove  and  burn  infected 

parts.  Bordeaux  will  control  disease  but  destroys  beneficial  fungi  which  hold 
scale  insects  in  check. 


HEMP 

Anthracnose  ( Colletotrichum ) 

Shaw,  F.  J.  F. 

Agr.  Jour.  India,  8 (1913).  1,  65;  abs.  in  Agr.  News  (Barbados).  12  (1913), 
289,  174.  (29,  346)  Collect  and  burn  diseased  leaves  and  spray  with  Bordeaux. 

HEVEA 

Dieback  ( Glceosporium ) 

Petch,  T. 

Circs,  and  Agr.  Jour.  Roy.  Bot.  Gard.,  Ceylon,  4 (1910),  23,  307.  (23,  552) 

Cut  out  diseased  shoots  and  paint  wounds  with  tar. 


34 


Leaf  Disease  ( Fusicladium ) 

Kuyper,  J. 

Rec.  Trav.  Bot.  Neerland.,  8 (1911),  3-4,  371.  (26,  651)  Bordeaux  recom- 

mended. 

Pink  Disease  ( Corticium ) 

Butler,  E.  J. 

Ann.  Rpt.  Bd.  Sci.  Advice  India,  1911-12,  124.  (30,  845) 

Root  Disease  {S phcerostilbe) 

Petch,  T. 

Circs,  and  Agr.  Jour.  Roy.  Bot.  Gard.,  Ceylon,  5 (1910),  8,  65.  (25,  46) 

Dig  up  and  destroy  all  diseased  trees  and  roots.  Isolate  infected  area  by 
trenches  one  foot  deep  and  treat  ground  with  quicklime. 

HOLLYHOCK 

Rust  ( Puccinia ) 

Webb,  G. 

Gard.  Chron.,  3 ser.,  50  (1911),  1288,  174.  (26,  750)  Dust  powder  on 

plants,  in  morning  while  dew  is  still  on,  three  or  four  times  during  growing 
season.  Powder  should  contain  1 bushel  slaked  lime,  1 bushel  soot,  4 pounds 
flowers  of  sulfur,  and  2 ounces  finely  powdered  copper  sulfate. 

HOP 

Mildew  ( Splicer otheca ) 

Blodgett,  F.  M. 

N.  Y.  (Cornell)  Sta.  Bui.  328.  (29,  346)  Observe  proper  sanitation.  Sul- 

fur recommended. 


HYACINTH 


Yellows  ( Bacterium ) 


Smith,  E.  F. 

Carnegie  Inst.  Washington  Pub.  27,  2 (1911). 


(27,  44) 


IMMORTEL 

Canker 

South,  F.  W. 

Agr.  News  (Barbados),  11  (1912),  263,  174.  (27,  451)  Cut  out  and  burn 

diseased  bark.  Apply  tar  to  wounds. 

LARCH 

Canker,  European  (Peziza) 

Borthwick,  A.  W. 

Notes  Roy.  Bot.  Gard.  Edinb.,  1909,  21,  23.  (22,  548) 

Scab  ( Cladosporium ) 

Fiori,  A. 

Bui.  Soc.  Bot.  Ital.,  1912,  8,  307.  (29.  156)  Remove  and  burn  diseased 

parts  and  spray  with  Bordeaux. 


LAVATERA 

Anthracnose  ( Colletotrichum ) 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  35  (1909),  2,  213.  (22,  454)  Repeated 

sprayings  with  Bordeaux  checked  the  disease. 


LEBBEK 


Balls,  W.  L. 

Cairo  Sci.  Jour.,  4 


Diseases,  General 
(1910),  41,  42.  (23,  552) 


LEMON 

Cottony  'Mold 

Smith,  C.  O. 

Cal.  Cult.,  35  (1910),  9,  196.  (24,  48)  Copper  sulfate. 

Gummosis  ( Botrytis ) 

Fawcett,  H.  S. 

Mo.  Bui.  Com.  Hort.  Cal.,  2 (1913),  8,  601.  (30,  51)  Bordeaux  mixture 

or  paste  recommended. 

LETTUCE 

Drop  ( Sclerotinia ) 

Burger,  O.  F. 

Fla.  Sta.  Bui.  116.  (29,  846)  Remove  and  destroy  diseased  plants.  Drench 

infected  area  with  Bordeaux  or  copper  sulfate.  Rotate. 

Stevens,  F.  L. 

Abs.  in  Science,  n.  ser.,  33  (1911),  850,  941.  (25,  548) 


N.  C.  Sta.  Bui.  217.  (25,  846)  Remove  and  destroy  diseased  plants. 

Apply  Bordeaux  or  copper  sulfate  to  places  from  which  plants  have  been  re- 
moved. 

and  Hall,  J.  G. 

Abs.  in  Science,  n.  ser.,  31  (1910),  802,  752.  (23,  452)  Prevent  formation 

of  sclerotia  by  early  destruction  of  affected  plants. 


N.  C.  Sta.  Tech.  Bui.  8,  89.  (26,  448) 

Mildew,  Downy  ( Bremia ) 

Schneider,  N. 

Rev.  Hort.  (Paris),  84  (1912),  21,  493.  (28,  446)  Cover  ground  with 

light  dressing  of  charcoal. 


LILAC 

Leaf  Disease  ( Pseudomonas ) 

Gussow,  H.  T. 

Gard.  Chron.,  3 ser.,  44  (1908),  1146,  404.  (20,  850)  Cut  and  burn  all 

diseased  shoots. 


Trunk  Disease  ( Polyporus ) 


VON  SCHRENK,  H. 

Ann.  Mo.  Bot.  Gard.,  1 (1914),  2,  253.  (31,  750)  Disease  enters  thru 

holes  made  by  borers.  Kill  borers,  treat  holes  with  antiseptic  and  plug.  Burn 
diseased  trunks. 


LOGANBERRY 

H end  er soma 

(Anon.) 

Jour.  Bd.  Agr.  (London),  19  (1912),  2,  124.  (27,  448)  Cut  and  burn  all 

diseased  canes.  Spray  with  Bordeaux. 


MAGUEY 


Diseases,  General 


Gandara,  G. 

Mem.  y Rev.  Soc.  Cient.  “Antonio  Alzate,”  25  (1908-09),  9-12,  293. 


(23,  151) 


MAIZE 

Mildew,  Downy  ( Sclerospora ) 

Butler,  E.  J. 

Mem.  Dept.  Agr.  India,  Bot.  Ser.,  5 (1913),  5,  275.  (31,  51)  Prevent 

the  formation  of  oospores.  Remove  and  burn  all  diseased  plants  before  they 
wilt. 


Smut  ( Sorosporium ) 

McAlpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  5,  290.  (23,  647)  Disinfect  seed 

with  copper  sulfate  or  formalin. 

MANDARIN 

Black  Spot 

(Anon.) 

Agr.  Gaz.  N.  S.  Wales,  25  (1914),  8,  684.  (31,  843)  Prune  and  spray 

trees  and  ground  with  Bordeaux. 


MANGO 

Bloom  Blight  ( Glceosporium ) 

Cardin,  P.  P. 

Cuba  Rev.,  8 (1910),  5,  28.  (24,  491  Two  applications  of  Bordeaux 

at  intervals  of  two  weeks  recommended. 

MELON 

Canker  ( Micosphcerella ) 

Middleton,  T.  H. 

Bd.  Agr.  and  Fisheries  (London),  Ann.  Rpt.  Intel.  Div.  1910-11,  pt.  2, 
54.  (27,  353)  Spray  with  Bordeaux  and  disinfect  houses  thoroly  in  winter. 
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Mildew  ( Pseudoperonospora ) 

Jarvis,  C.  D. 

Conn.  Storrs  Sta.  Rpt.  1908-09,  31.  (22,  743)  2-2-50  Bordeaux  recom- 

mended. 

Kock,  G. 

Verhandl.  K.  K.  Zool.  Bot.  Gesell.  Wien,  59  (1909),  1-2,  48;  3-4,  49;  abs 
in  Centbl.  Bakt.  (etc.),  2 Abt.,  25  (1909),  19-25,  519.  (22,  743) 

Wilt  (Bacillus) 

Troop,  J.,  and  Woodbury,  C.  G. 

Ind.  Sta.  Rpt.  1908,  30.  (20,  1044) 

MUSKMELON 

Rust 

Troop,  J.,  and  Woodbury,  C.  G. 

Ind.  Sta.  Rpt.  1908,  35.  (20,  1044)  Five  applications  of  5-5-50  Bordeaux 

recommended ; first  application  when  rust  spots  begin  to  appear,  followed 
by  others  at  ten-day  intervals. 

Soft  Rot  ( Bacillus ) 

Giddings,  N.  J. 

Vt.  Sta.  Bui.  148.  (23,  349)  Spray  with  Bordeaux.  Support  melons  above 

ground  and  remove  all  traces  of  infection. 

MINT 

Rust  ( Puccinia ) 

Noffray,  E. 

Jour.  Agr.  Prat.,  n.  ser.,  19  (1910),  5,  150.  (23,  350)  Spray  with  Bor- 

deaux and  burn  infected  leaves  late  in  the  fall. 

MULBERRY 

Leaf  Spot  ( Sphccrella ) 

Averna-Sacca,  R. 

Bol.  Agr.  (Sao  Paulo),  12  ser.,  1911,  9-10,  727.  (27,  547)  Both  Bordeaux 

and  copper  sulfate  recommended. 

NARCISSUS 

Dry  Rot  ( Fusarium ) 

Mas  see,  G. 

Jour.  Bd.  Agr.  (London),  20  (1914),  12,  1091.  (31,  646)  Kill  secondary 

spores  during  germination  by  working  into  soil  a dressing  of  kainit  or  potas- 
sium sulfate.  Rotate  with  non-susceptible  plants. 

OAK 

Mildew  ( Oidimn ) 

Cuif,  E. 

Bui.  Soc.  Sci.  Nancy,  3 ser.,  12  (1911),  1,  102.  (26,  451)  Dust  seedlings 

with  sulfur  two  or  three  times  during  season. 


d’ Almeida,  J.  V. 

Rev.  Agron.  (Portugal).  6 (1908),  3.  42.  (23,  50) 

Kirch ner,  O. 

Allg.  Forst  u.  Jagd  Ztg..  85  (1910),  158.  (23,  50) 

Kock.  G. 

Osterr.  Forst  u.  Jagd  Ztg.,  28  (1910).  3,  18.  (23,  50)  Dust  trees  with 

powdered  sulfur  or  spray  with  Bordeaux. 

Kovessi,  F. 

1.  Cong.  Internat.  Pathol.  Comparee  (Paris),  1912,  2.  Comp.  Rend.,  924. 
(31,  845)  Flowers  of  sulfur  recommended. 

Neger,  F.  W. 

Tharand.  Forstl.  Jahrb..  62  (1911),  1,  1.  (27,  253)  Spray  once  or  twice 

with  lime  sulfur. 

von  Tubeuf,  K. 

Naturw.  Ztschr.  Forst  u.  Landw.,  7 (1909),  2,  119;  abs.  in  Bot.  Centbl.,  110 
(1909),  24,  627.  (23,  50)  Hot-water  treatment  of  seeds  recommended. 


Maige,  A. 


Yellow  Spot 


Bui.  Sta.  Forest  Nord.  Afrique,  1 (1912), 


1,  10. 


(31,  247) 


OATS 

Diseases.  General 

Storm er,  K.,  and  Kleine,  R. 

Illus.  Landw.  Ztg.,  32  (1912),  51,  471.  (28.  149) 

Blight  ( Pseudomonas ) 

Manns,  T.  F. 

Ohio  (Wooster)  Sta.  Bui.  210.  (22,  453)  Select  resistant  varieties. 

“Dry  Leaf” 

Edinburgh  and  East  of  Scotland  College  of  Agriculture 

Rpt.  30  (1913),  22;  abs.  in  Jour.  Bd.  Agr.  (London),  20  (1914),  11,  1010. 
(31,  243)  The  use  of  such  fertilizers  as  ammonium  sulfate,  superphosphate, 
and  manganese  sulfate,  lessens  disease. 

Mildew^  ( Erysiphe ) 

Storm  er,  K.,  and  Kleine,  R. 

Deut.  Landw\  Presse.  39  (1912),  51,  599.  (28,  346)  The  use  of  phos- 

phorus, potassium,  and  calcium  salts  recommended. 

Scolecotrichum 

Nilsson-Ehle,  H. 

Abs.  in  Bot.  Centbl..  Ill  (1909),  7,  165.  (23,  46) 

Smut  ( Ustilago ) 

Goss,  A. 

Ind.  Sta.  Rpt.  1908,  17.  (20.  1043)  The  use  of  formalin  recommended. 
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Yellows 

Clausen,  H. 

Mitt.  Deut.  Landw.  Gesell.,  25  (1910),  44,  631.  (24,  449)  A direct  appli- 

cation of  lime  should  be  omitted ; ammonium  sulfate  should  be  used  in  place 
of  nitrate  of  soda ; phosphoric  acid  should  be  in  form  of  superphosphate  in 
place  of  “Thomas  slag” ; and  soil  after  planting  should  be  thoroly  rolled  down. 

OLEANDER 

Bacteriosis 

Tonelli,  A. 

Ann.  R.  Accad.  Agr.  Torino,  55  (1912),  383.  (30,  751)  Cut  out  cankers 

and  cover  wounds  with  some  good  fungicide. 

OLIVE 

Diseases,  General 

Cuboni 

Ann.  Agr.  (Italy),  1908,  256,  83.  (20,  950) 

Sooty  Mold  ( Meliola ) 

Vidal,  D. 

Prog.  Agr.  et  Vit.  (Ed.  TEst-Centre),  30  (1909),  24,  730.  (23,  250)  Spray 

trees  twice  during  season  with  2-percent  Bordeaux.  To  every  100  liters  of  Bor- 
deaux add  1 liter  of  turpentine. 


ONION 

Mold  ( Macrosporium ) 

Ramirez,  R. 

Bol.  Dir.  Gen.  Agr.  (Mexico),  Rev.  Agr  , 2 (1912),  5,  413.  (29,  245)  Lime 

sulfur,  1-1-100,  recommended. 

Smut  ( Urocystis ) 

Jones,  L.  R.,  and  Vaughn,  R.  E. 

Wis.  Sta.  Bui.  240  (1914).  (31,  840)  Disinfect  seed  with  formalin. 

Pammel,  L.  H.,  and  King,  C.  M. 

Ia.  Sta.  Bui.  131.  (27,  445) 

Reddick,  D. 

West  N.  Y.  Hort.  Soc.  Proc.,  58  (1912),  194.  (29,  245) 

Stone,  G.  E. 

Mass.  Sta.  Circ.  21.  (23,  743)  Treat  seed  before  planting  with  solution 

of  1 pound  of  formalin  to  30  gallons  of  water. 

ORANGE 

Diseases,  General 

Gandara,  G. 

Estac.  Agr.  Cent.  (Mexico),  Bol.  31,  1,  43.  (24,  157) 
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Dieback 

Floyd,  B.  F. 

Fla.  Sta.  Rpt.  1913,  27.  (31,  749)  Spray  twice  in  spring  with  5-5-50 

Bordeaux. 

Exanthema 

Bittlebank,  C.  C. 

Jour.  Dept.  Agr.  Victoria,  10  (1912),  7,  401.  (27,  850)  Avoid  nitrogenous 

manures.  Plow  under  green  crops  previously  manured  with  superphosphates. 

Rot 

Savastano,  L. 

R.  Staz.  Sper.  Agrum.  e Frutticol.  Acireale,  Bol.  9 (1912).  (31,  646)  Timely 
tree  surgery  and  substitution  of  sound  young  trees  recommended. 

ORCHID 

Bacterial  Disease  ( Bacillus ) 

Hori,  S. 

Centbl.  Bakt.  (etc.),  2 Abt.,  31  (1911),  1-4,  85.  (26,  650)  Apply  1-percent 

solution  of  corrosive  sublimate  with  soft  sponge.  Avoid  excess  of  water. 

Leaf  Spot  ( Hypodermium ) 

Brooks,  F.  T. 

Gard.  Chron.,  3 ser.,  50  (1911),  1281,  27.  (25,  755)  Sponge  leaves  with 

a dilute  solution  of  potassium  permanganate. 

PALM 

Diseases,  General 

Coleman,  L.  C. 

Ann.  Mycol.,  8 (1910),  6,  591;  Dept.  Agr.  Mysore,  Mycol.  Ser.  Bui.  2,  1910. 
(24,  650) 

Bud  Rot  ( Pythium ) 

Butler,  E.  J. 

Mem.  Dept.  Agr.  India,  Bot.  Ser.,  3 (1910),  5,  221.  (24,  351)  Systematic 

cutting  and  destruction  of  all  diseased  trees  recommended. 

PEACH 

Diseases,  General 

Essig,  E.  O. 

Mo.  Bui.  Com.  Hort.  Cal.,  1 (1912),  8,  337.  (27,  652) 

Norton,  J.  B.  S. 

Rpt.  Md.  State  Hort.  Soc.,  13  (1910),  138.  (28,  148) 

Rolfs,  F.  M. 

Ann.  Rpt.  Mo.  Bd.  Hort.,  2 (1908),  63.  (22,  150) 

Worsham,  E.  L.,  and  Reed,  W.  V. 

Ga.  Bd.  Ent.  Bui.  26.  (20,  757) 
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Brown  Rot  ( Sclerotinia ) 

Barre,  H.  W. 

S.  C.  Sta.  Rpt.  1910,  27.  (24,  745)  Two  applications  of  self-boiled  lime 

sulfur  (8-8-50)  recommended. 

McCue,  C.  A. 

Del.  Sta.  Bui.  85.  (21,  244)  Lime-sulfur  wash  recommended. 

Morris,  O.  M. 

Okla.  Sta.  Rpt.  1908,  16.  (20,  950)  Four  applications  of  Bordeaux  recom- 

mended. 

Oklahoma 

Okla.  Sta.  Rpt.  1908,  78.  (20,  950)  Both  Bordeaux  and  ammoniacal 

copper  carbonate  recommended. 

Scott,  W.  M.,  and  Quaintance,  A.  L. 

Better  Fruit,  5 (1910),  1,  19.  (23,  745)  Apply  solution  of  2 pounds  of 

arsenate  of  lead  to  50  gallons  of  lime  sulfur.  Repeat  one  month  after  petals 
fall  and  again  one  month  before  fruit  ripens. 

Stewart,  J.  P. 

Proc.  State  Hort.  Soc.  Pa.,  52  (1911),  181;  Proc.  Amer.  Pomol.  Soc.,  32 
(1911),  281.  (25,  352) 

Crown  Gall  ( Pseudomonas ) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37  (1914).  (31,  644) 

Leaf  Curl  ( Exoascus ) 

Arnaud,  G. 

Rev.  Phytopath.,  1 (1913),  2,  24;  abs.  in  Riv.  Patol.  Veg.,  6 (1913),  7,  218. 
(30,  353)  Bordeaux  or  lime  sulfur  recommended. 

Blake,  M.  A.,  and  Farley,  A.  J. 

N.  J.  Sta.  Rpt.  1908,  53.  (22,  150)  Remove  and  destroy  affected  parts. 

Apply  Bordeaux  or  lime  sulfur. 

Bolle,  J. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  16  (1913),  4,  299.  (30,  448) 

Farley,  A.  J. 

N.  J.  Sta.  Circ.  29.  (30,  750)  Thoro  application  of  lime  sulfur  before 

buds*  open  recommended. 

Gassner,  G. 

Rev.  Asoc.  Rural  Uruguay,  37  (1908),  10,  546.  (22,  748) 

Manaresi,  A. 

Coltivatore,  56  (1910),  7,  208.  (23,  151) 

Quinn,  G. 

Jour.  Dept.  Agr.  So.  Aust.,  15  (1911),  1,  58.  (26,  144)  Two  applications 

of  Burgundy  or  Bordeaux  recommended 

Jour.  Dept.  Agr.  So.  Aust.,  17  (1913),  1,  28.  (30,  50)  Burgundy  most 

effective. 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37.  (31,  644) 
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Wallace,  E. 

Rpt.  Niagara  Sprayer  Co.  Fellowship,  1 (1909).  (22,  652)  Lime  sulfur 

better  than  Bordeaux. 

Weeks,  C.  B. 

Mo.  Bui.  Com.  Hort.  Cal..  1 (1912),  8,  359.  (28,  152)  Bordeaux  7-7-50 

in  late  fall,  4-4-50  in  spring,  and  2-2-50  after  leaves  appear,  recommended. 

Zauli,  G. 

Bui.  R.  Soc.  Toscana  Ort.,  3 ser.,  12  (1907),  11,  325.  (20,  548)  Apply 

solution  of  copper  sulfate,  lime,  and  ammonium  chlorid  at  time  buds  open.  If 
rainy  give  a second  application. 


Little  Peach 

Blake,  M.  A. 

N.  J.  Sta.  Bui.  226.  (22,  748) 

Caesar,  L. 

Ont.  Dept.  Agr.  Bui.  185.  (24,  250)  Destroy  affected  trees. 


Perronne,  P. 

Prog.  Agr.  et  Vit. 


Rust  ( Puccinia ) 

(Ed.  l’Est-Centre),  35  (1914),  2,  57. 
Scab  ( Cladosporium ) 


(31,  53) 


Barre,  H.  W. 

S.  C.  Sta.  Rpt.  1910,  27.  (24,  745) 

Blake,  M.  A.,  and  Farley,  A.  J. 

N.  J.  Sta.  Bui.  236.  (25,  455)  Lime  sulfur  1-150  or  1-175  recommended. 

Stronger  solutions  unsafe. 

Evans,  I.  B.  P. 

Agr.  Jour.  Union  So.  Africa,  1 (1911),  5,  696.  (25,  752)  Bordeaux 

5-5-50  three  weeks  before  buds  open,  4-4-50  just  after  fruit  is  setting,  and 
4-4-100  when  fruit  is  half  grown. 


Scott,  W.  M.,  and  Ayres,  T.  W. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  174.  Lime  sulfur  recommended. 
Stewart,  J.  P. 

Proc.  State  Hort.  Assoc.  Pa.,  52  (1911),  181;  Proc.  Amer.  Pomol.  Soc.,  32 
(1911),  281.  (25,  352)  Bordeaux  or  lime  sulfur  and  lead  arsenate  recommended. 


Yellows 

Blake,  M.  A. 

N.  J.  Sta.  Bui.  226.  (22,  748) 

Hutchins,  E. 

Better  Fruit,  5 (1910),  1,  64.  (23,  746)  For  three  years  uproot  and  burn 

all  trees  showing  signs  of  yellow's. 


PEANUT 


Diseases,  General 


South,  F.  W. 

West  Indian  Bui.  11  (1911),  3,  157.  (25,  348) 
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PEAR 

Diseases,  General 

Stevens,  F.  L. 

N.  C.  Sta.  Bui.  206.  (23,  453) 

Stewart,  F.  C. 

West  N.  Y.  Hort.  Soc.  Proc.,  56  (1911).  61.  (26,  55) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37  (1914).  (31,  644) 


Chlorosis 

Riviere,  G.,  and  Bailhache,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  33  (1912),  11,  340.  (27,  48) 

Application  of  solution  of  pyrophosphate  of  iron  with  ammonium  citrate  thru 
holes  in  the  base  of  trunk  change  chlorotic  appearance  to  healthy  one. 

Schellenberg,  H. 

Landw.  Jahrb.  Schweiz,  26  (1912),  6.  432.  (28,  151) 


Fire  Blight  ( Bacillus ) 

Gammon,  E.  A. 

Mo.  Bui.  Com.  Hort.  Cal..  1 (1912),  2,  37.  (27,  353)  Prune  carefully  and 

disinfect  thoroly. 

Hall,  J.  F. 

Wash.  Sta.  Popular  Bui.  65  (1914),  postcard.  (31,  749) 

Hall,  J.  G. 

Wash.  Sta.  Popular  Bui.  56.  (29.  848)  Remove  and  burn  all  diseased 
portions  of  trees. 

Jackson,  H.  S. 

Ore.  Sta.  Circ.  7.  (23.  454) 

Pickett,  B.  S. 

,111.  Sta.  Circ.  172  (1914).  (31,  644)  Remove  and  destroy  all  infected  trees, 

which  carry  disease  over  winter. 

Sackett,  W.  G. 

Southwest  Stockman,  28  (1909),  15.  (22,  46) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  2.  (23,  352)  Remove  and  burn  all  infected  parts.  Avoid 

watering  to  excess. 


Rust  ( Gymnosp orangium ) 

Osterwalder,  A. 

Schweiz.  Ztschr.  Obst  u.  Weinbau,  1912,  311;  abs.  in  Ztschr.  Landw. 
Versuchsw.  Osterr.,  15  (1912),  12,  1303.  (29,  50)  Destroy  all  neighboring 

junipers. 


Scab  ( Venturia ) 


Lounsbury,  C.  P. 

Agr.  Jour.  Cape  Good  Hope.  33  (1908),  1,  16.  (20,  452) 
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Nicholls,  H.  M. 

Agr.  Gaz.  Tasmania,  21  (1913),  10,  387.  (30,  541)  Plow  under  fallen 

leaves  early  in  fall,  harrow  surface  and  leave  undisturbed  until  November  15. 
Spray  leaves  early  in  October  with  Bordeaux  or  Burgundy  mixture  or  lime 
sulfur,  adding  one  pound  of  wheat  flour  to  each  gallon  of  fungicide  to  pro- 
mote spreading  and  adhesion. 

Perron  ne,  P. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  35  (1914),  2,  57.  (31,  53) 

Smith,  R.  E. 

Northwest  Pacific  Farmer,  39  (1909),  51,  1.  (22,  350)  Spray  trees  in 

February  or  March  with  lime  sulfur;  when  buds  begin  to  swell  spray  with 
strong  Bordeaux ; after  fruit  sets  give  two  applications  of  5-5-50  Bordeaux 
to  which  a little  arsenic  has  been  added. 

Sun  Scald 

Lustner,  G. 

Ber.  K.  Lehranst.  Wein,  Obst  u.  Gartenbau  Geisenheim,  1909,  123.  (24,  156) 

PECAN 

Diseases,  General 

Miller,  H.  K. 

Amer.  Fruit  and  Nut  Jour.,  7 (1913),  99,  12.  (31,  245) 

Scab  ( Fusicladimn ) 

Waite,  W.  D. 

Science,  n.  ser.,  33  (1911),  837,  77.  (24,  452)  Bordeaux  recommended. 

Grow  scab-resisting  varieties. 

PEPPER 

Anthracnose  ( Colletotrichum ) 

Bancroff,  C.  K.,  and  Hunte,  R.  L. 

Jour.  Bd.  Agr.  Brit.  Guiana,  7 (1914),  3,  139.  (31,  542)  Bordeaux  recom- 

mended. 

Ridley,  H.  N. 

Agr.  Bui.  Straits  and  Fed.  Malay  States,  10  (1911),  10,  320.  (26,  448) 

Remove  and  burn  all  infected  spikes.  Spray  with  Bordeaux. 

PINE 

Blister  Rust  ( Cronartium ) 

Spaulding,  P. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  206.  (25,  457)  Import  no  . five-leaf 

pines  or  Ribes  stock.  Remove  and  burn  all  diseased  trees. 

Stewart,  F.  C. 

West.  N.  Y.  Hort.  Soc.  Proc.,  58  (1912),  122.  (29,  249)  Isolate  Ribes 

and  other  susceptible  varieties ; destroy  promptly  any  signs  of  disease ; pre- 
vent distribution  of  diseased  pines,  and  do  not  plant  black  currants  in  the 
vicinity  of  nursery. 
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Leaf  Cast  ( Lophodermium ) 

Haack 

Ztschr.  Forst  u.  Jagdw.,  43  (1911),  4,  329;  5,  402;  6,  481;  abs.  in  Hedwigia, 
51  (1911),  3,  Beibl.,  202.  (26,  651)  Spray  in  spring  with  weak  solution  of 

copper  sulfate.  Remove  and  burn  all  infection. 

Herrmann,  E. 

Naturw.  Ztschr.  Forst  u.  Landw.,  8 (1910),  2,  105.  (23,  751) 

Maire,  E. 

Rev.  Eaux  et  Forets,  49  (1910),  15,  458.  (24,  53)  Copper  sulfate  recom- 

mended. 

Mayr,  H. 

Forstw.  Centbl.,  n.  ser.,  33  (1911),  1,  1;  abs.  in  Hedwigia,  51  (1911),  3, 
Beibl.,  204.  (26,  651) 

SCHANDER,  R. 

Vortrage  Pflanzenschutz,  Abt.  Pflanzenkrank.  Kaiser  Wilhelms  Inst.  Landw. 
Bromberg,  1910,  1,  33.  (23,  152) 

Rust  ( Peridermium ) 

Haack 

Ztschr.  Forst  u.  Jagdw.,  46  (1914),  1,  3,  (31,  153)  Remove  and  destroy 

infection. 


PINEAPPLE 

Decay 

(Anon.) 

Agr.  News  (Barbados),  13  (1914),  318,  222.  (31,  844)  Cut  off  and 

sear  stems  with  wax.  Cool  and  dry  fruit  twenty-four  hours  before  packing. 
Fumigate  with  formalin. 


PINK 

Bud  Rot  (Sporo  trie  hum) 

Molz,  E.,  and  Morgenthaler,  O. 

Ber.  Deut.  Bot.  Gesell.,  30  (1912),  9,  654.  (28,  750)  Ventilate  hot-houses 

and  destroy  all  infected  buds.  Avoid  too  high  moisture  content  of  air  and 
soil,  likewise  use  of  swamp  soil. 


PLUM 

Diseases,  General 

Whitmarsh,  R.  D. 

Mass.  Sta.  Rpt.  1909,  pt.  2,  65.  (24,  252) 

Black  Knot  ( Plowrightia ) 

Coons,  G.  H. 

Mich.  Farmer,  140  (1913),  14,  425.  (29,  155)  Dilute  commercial  lime  sulfur 
recommended. 

Brown  Rot  ( Sclerotinia ) 

Morris,  O.  M. 

Okla.  Sta.  Rpt.  1908.  16.  (20,  951)  Four  applications  of  half-strength 

Bordeaux  recommended. 
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Stone,  G.  E. 

Mass.  Sta.  Rpt.- 1909,  pt.  2,  65.  (24,  252) 

Leaf  Spot  ( Cylindrosporium ) 

Stewart,  V.  B. 

N.  Y.  (Cornell)  Sta.  Circ.  21  (1914).  (30,  848)  Bordeaux,  5-5-50.  or  lime- 

sulfur  solution,  1 gallon  to  50  gallons  of  water,  recommended.  Burning  is  pre- 
vented by  the  addition  of  granulated  iron  sulfate. 

Rust  ( Puccinia ) 

Brooks,  F.  T. 

New  Phytol.,  10  (1911),  5-6,  207;  Gard.  Chron.,  3 ser.,  50  (1911),  1295, 
292;  abs  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant 
Diseases,  2 (1911),  11-12,  2603.  (27,  48)  Eradicate  Anemone  coronatia,  upon 

which  the  aecidium  stage  is  found. 

Scab  ( Cladosporium ) 

Macoun,  W.  T. 

Canada  Expt.  Farms  Rpts.,  1909,  126.  (22,  350)  Spray  early  with  Bor- 

deaux. When  fruit  sets  use  ammoniacal  copper  carbonate  to  prevent  staining. 

Silver  Leaf  ( Stereuni ) 

Pickering,  S.  W. 

Woburn  Expt.  Fruit  Farm  Rpt.,  12  (1910)  ; rev.  in  Gard.  Chron.,  3 ser.,  48 
(1910),  1246,  356.  (24,  349)  Remove  and  destroy  all  infection. 

POPLAR 

Canker 

Hoc,  P. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) . 30  (1909),  30,  116.  (21,  645)  Remove 
and  destroy  infected  branches. 


POTATO 


Diseases,  General 


Cook,  M.  T. 

Ann.  Rpt.  N.  J.  Bd.  Agr.,  40  (1912),  155.  (30,  539) 


N.  J.  Sta.  Circ.  18.  (29,  549) 

and  Martin,  G.  W. 

N.  J.  Sta.  Circ.  33.  (31,  52) 

Coons,  G.  H. 

Mich.  Sta.  Special  Bui.  66  (1914).  (31,  543) 

Foex,  E.,  and  Perret,  C. 

Vie  Agr.  et  Rurale,  3 (1914),  5,  129.  (31,  51) 

Jack,  R.  W. 

Rhodesia  Agr.  Jour.,  11  (1914),  3,  399.  (30,  847) 

Jones,  L.  R. 

Wis.  Sta.  Circ.  Inform.  36.  (28,  53) 

Lutman,  B.  F. 

Vt.  Sta.  Bui.  159,  225.  (26,  53) 
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McAlpine,  D. 

Melbourne:  Dept.  Agr.  Victoria,  1912,  111:  rev.  in  Nature  (London),  92 
(1913),  2289,  27.  (30,  48) 

Orton,  W.  A. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  544.  (29,  549) 

Pethybridge,  G.  H. 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  12  (1912),  2,  334.  (27,  446) 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  10  (1910),  2,  241;  abs.  in  Farm- 
ers’ Gaz.,  69  (1910),  7,  130.  (22,  746) 

Stewart,  F.  C.,  and  French,  G.  T. 

Abs.  in  Phytopath.,  2 (1912),  1,  45.  (27,  151) 

and  Sirrine,  F.  A. 

N.  Y.  (Geneva)  Sta.  Bui.  307.  (20,  948) 

Stift,  A. 

Centbl.  Bakt.  (etc.),  2 Abt , 23  (1909),  6-9,  173.  (22,  347) 

Tidswell,  F.,  and  Johnston,  T.  H. 

Dept.  Agr.  N.  S.  Wales,  Farmers’  Bui.  31.  (23,  47) 


Agr.  Gaz.  N.  S.  Wales,  20  (1909),  11,  998.  (22,  453) 

Bacterial  Rot  ( Bacillus ) 

Osborn,  T.  G.  B. 

Jour.  Dept.  Agr.  So.  Aust.,  17  (1913),  1.  19.  (30,  48)  Remove  and  burn 

infected  plants,  use  clean  seed,  and  rotate  crops. 

Blackleg 

Mor&e,  W.  J. 

Me.  Sta.  Bui.  174.  (23,  248)  Use  clean  seed  and  treat  with  corrosive 
sublimate  or  formalin  before  cutting. 


Me.  Sta.  Doc.  375.  (23,  548)  Disinfect  seed. 


Me.  Sta.  Bui.  194.  (26,  546) 

Corky  Scab  ( Spongospora ) 

Boyd,  D.  A. 

Glasgow  Nat.,  3 (1911),  3,  82.  (26,  748) 

Evans,  I.  B.  P. 

Transvaal  Agr.  Jour.,  8 (1910),  31,  462.  (23,  548) 

Johnson,  T. 

Econ.  Proc.  Roy.  Dublin  Soc.,  1 (1908),  12,  453.  (20,  450)  Disinfect  seed 

with  Bordeaux  or  2-percent  copper-sulfate  solution.  Cultivate  thoroly  and  treat 
soil  with  sulfur. 

(Anon.) 

Jour.  Bd.  Agr.  (London),  15  (1908),  8,  592.  (20,  649)  Soak  seed  before 

planting  for  two  hours  in  solution  of  14  pint  of  formalin  in  15  gallons  of 
water. 
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Dry  Rot  ( Fusarium ) 


Evans,  I.  B.  P. 

Transvaal  Agr.  Jour.,  7 (1908),  25,  64.  (20,  847) 

Longman,  S. 

Jour.  Linn.  Soc.  (London),  Bot.,  39  (1909),  270,  120.  (22,  149) 

Lounsbury,  C.  P. 

Agr.  Jour.  Cape  Good  Hope,  35  (1909),  1,  42.  (21,  643)  Destroy  all 

diseased  tubers,  use  only  healthy  seed,  and  rotate  crops. 

Manns,  T.  F. 

Ohio  (Wooster)  Sta.  Bui.  229.  (25,  653)  Use  only  sound  tubers  for 
seed,  practice  five-  or  six-year  crop  rotation,  and  avoid  the  use  of  infected 
barnyard  manure  as  a fertilizer. 

Morse,  W.  J. 

Me.  Sta.  Doc.  375.  (23,  548) 

Orton,  W.  A. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  110.  (28,  848)  Select  clean  seed 

rotate  crops,  and  use  care  in  storing  tubers. 

Pethybridge,  G.  H.,  and  Bowers,  E.  H. 

Econ.  Proc.  Roy.  Dublin  Soc.,  1 (1908),  14,  547.  (20,  846)  Destroy  all 

suspicious  tubers  when  harvesting;  examine  stored  potatoes  from  time  to  time 
and  remove  those  affected.  Take  care  to  prevent  wounding  when  handling 
the  crop. 

Wilcox,  E.  M.,  Link,  G.  K.  K.,  and  Pool,  V.  W. 

Nebr.  Sta.  Research  Bui.  1.  (29,  47)  Before  storing  potatoes  treat  with  lime 
sulfur,  formalin,  or  formalin  vapor. 

Early  Blight  ( Alternaria ) 

Milward,  J.  G. 

Wis.  Sta.  Circ.  Inform.  3.  (22,  247)  Only  standard,  medium  late,  and 

late  varieties  are  benefited  by  Bordeaux  spraying.  Spray  not  less  than  four 
times,  beginning  not  later  than  August  15. 

Sandsten,  E.  P.,  and  Milward,  J.  G. 

Wis.  Sta.  Bui.  168.  (20.  948)  Bordeaux  recommended. 

Stuart,  W. 

Va.  Sta.  Bui.  179  (1914).  (31,  643) 

(Anon.) 

Dept.  Agr.  and  Tech  Instr.  Ireland  Jour.,  9 (1909),  4,  745.  (21,  746) 

Late  Blight  ( Phytophthora ) 

Allen,  W.  J. 

Agr.  Gaz.  N.  S.  Wales,  21  (1910),  7,  571.  (24,  47)  Bordeaux  recom- 

mended. 

Barcus,  M.  F. 

N.  Y.  (Cornell)  Sta.  Circ.  19.  (29,  549)  Spray  with  Bordeaux. 

Batsy,  F. 

Petite  Rev.  Agr.  et  Hort.,  18  (1912),  421,  135.  (27,  748)  Bordeaux  or 

copper-sulfate  solution  recommended. 
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CUTHBERTSON,  W. 

Gard.  Chron.,  3 ser.,  49  (1911),  1261,  122.  (25,  44) 

Finardi,  E. 

Avven.  Agr.,  20  (1912),  7,  290;  abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur. 
Agr.  Intel,  and  Plant  Diseases,  3 (1912),  10,  2310.  (29,  246) 

Gandara,  G. 

Bol.  Soc.  Agr.  Mexicana,  33  (1909),  20,  394;  21,  412;  22,  425.  (21,  747) 

Bordeaux  recommended. 

Haywood,  A.  H. 

Agr.  Gaz.  N.  S.  Wales,  21  (1910),  1,  63.  (22,  746)  Apply  6-4-40  Bor- 

deaux at  the  rate  of  50  gallons  per  acre. 

Jones,  L.  R.,  Giddings,  N.  J.,  and  Lutman,  B.  F. 

U.  S.  Dept.  Agr.,  Bur.  Plant.  Indus.  Bui.  245.  (27,  544) 

Lea,  A.  M. 

Agr.  Gaz.  Tasmania,  19  (1911),  7,  357.  (26,  143)  Bordeaux  recommended. 

McAlpine,  D. 

Jour.  Dept.  Agr.  Victoria,  7 (1909),  11,  698.  (22,  453)  Treat  seed  tubers 
to  dry  heat  at  120°  F.  for  four  hours.  Such  treatment  destroys  fungus  and 
increases  germinating  power.  Spray  with  Bordeaux. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  6,  358.  (23,  744) 

Dept.  Agr.  Victoria  Bui.  27;  Dept.  Agr.  So.  Aust.  Bui.  49.  (24,  46) 

Morse/ W.  J. 

Me.  Sta.  Doc.  375.  (23,  548) 

Me.  Sta.  Bui.  169.  (22,  546)  Apply  5-5-50  Bordeaux  when  plants  are 

about  eight  inches  high  and  every  ten  days  thereafter  until  frost. 

Mortensen,  M.  L. 

Tidsskr.  Landbr.  Planteavl,  17  (1910),  2,  293.  (23,  744)  Spray  with  Bor- 

deaux about  July  20  and  one  month  later. 

Oldershaw,  A.  W. 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  11  (1911),  3,  450.  (25,  455) 

Pethybridge,  G.  H. 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  13  (1913),  3,  445.  (29,  549) 

Bordeaux  better  than  Burgundy. 

Ravn,  F.  K. 

Tidsskr.  Landbr.  Planteavl,  17  (1910),  2,  271.  (23,  744) 

Reed,  H.  S. 

Phytopath.,  2 (1912),  6,  250.  (28,  747) 

Seymour,  G. 

Jour.  Dept.  Agr.  Victoria,  10  (1912),  12,  745.  (28,  849) 

Stevens,  H.  E. 

Fla.  Sta.  Rpt.  1912,  93.  (29,  242) 

Stuart,  W. 

Va.  Sta.  Bui.  179  (1914).  (31,  643) 
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Turner,  D. 

Agr.  Student’s  Gaz.,  n.  ser.,  15  (1910),  2,  38.  (24,  252)  Late  spring  spraying 

with  14-9-100  Bordeaux  recommended. 

Leaf  Roll 

Appel,  O.  and  Kreitz,  W. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1909,  8,  15.  (23,  148) 

Hedlund,  T. 

Tidsskr.  Landtman.  31  (1910)  ; abs.  in  Bot.  Centbl.,  114  (1910),  22,  567. 
(24,  552)  A loose  seed  bed,  sound  seed  tubers,  not  too  deep  planting,  and 
liming  of  the  soil  are  recommended. 

Lang,  W. 

Wurttemb.  Wchnbl.  Landw.,  1909,  23.  420;  24,  444.  (24,  46)  Breed  resistant 

varieties. 

Orton,  W.  A. 

U.  S.  Dept.  Agr.  Bui.  64  (1914).  (30,  649) 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  109.  (28.  848)  Select  clean  seed; 

rotate  and  improve  culture. 

Osterspen 

Mitt.  Deut.  Landw.  Gesell.,  26  (1911),  18,  222.  (25,  455) 

Remy,  T.,  and  Schneider,  G. 

Fiihling’s  Landw.  Ztg.,  58  (1909),  6,  201.  (21,  243) 

Bohutinsky-Krizevci,  G. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  13  (1910),  7,  607.  (24,  154)  Formalin 

proved  worthless  in  controlling  the  disease. 

Schander,  R. 

Fiihling’s  Landw.  Ztg.,  58  (1909),  8,  273.  (22.  346) 


Jahresber.  Ver.  Angew.  Bot.,  7 (1909),  235.  (24,  46)  Use  only  sound 

tubers  for  seed. 

Schleh 

Fiihling’s  Landw.  Ztg.,  58  (1909),  18,  641.  (22,  347) 

Steglich,  B. 

Sachs.  Landw.  Ztschr.,  57  (1909),  17,  296.  (22,  246) 

Stormer,  K. 

Jahresber.  Ver.  Angew.  Bot.,  7 (1909),  119.  (24,  47) 

Vanha,  J. 

Monatsh.  Landw.,  3 (1910),  9,  268.  (24,  154)  Lohsol,  a carbolineum  prepa- 
ration, 20  to  40  cc.  to  every  square  meter  of  soil,  was  very  effective  either 
when  mixed  with  soil  or  used  for  disinfecting  seed  tubers. 
von  Zedtwitz,  W. 

Wiener  Landw.  Ztg.,  59  (1909),  83,  818;  abs.  in  Centbl.  Bakt.  (etc.),  2 Abt., 
26  (1910),  4-5,  117.  (23,  249) 

(Anon.) 

Ztschr.  Landw.  Versuchsw.  Osterr,,  14  (1911)  ; 7,  911.  (27,  351)  Use 

only  healthy  tubers  for  seed. 


Rhizoctonia 


Eriksson,  J. 

Meddel.  Centralanst.  Fdrsoksv.  Jordbruksomradet,  1912,  67 ; K.  Landtbr. 
Akad.  Handl.  och  Tidskr.,  51  (1912),  7-8,  550.  (29,  152)  Use  clean  seed  and 

rotate  three  to  four  years. 

Gloyer,  W.  O. 

N.  Y.  (Geneva)  Sta.  Bui.  370  (1913).  (30,  539)  Soak  seed  tubers  in 

solution  of  corrosive  sublimate,  1-2000. 

Scab 

Bernhard,  A. 

Deut.  Landw.  Presse,  38  (1911),  15,  168;  16,  179.  (25,  245)  Sulfur  recom- 

mended. 

Holmes,  E.  S. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  9,  570.  (24,  247)  Soak  seed  tubers 

for  two  hours  in  a 1-30  solution  of  formalin  before  cutting. 

Seymour,  G. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  6,  360.  (23,  744) 

Stone,  G.  E.,  and  Chapman,  C.  H. 

Mass.  Sta.  Rpt.  1912,  pt.  1,  84.  (30,  150) 

von  Wahl,  C. 

Ber.  Grossh.  Bad.  Landw.  Vers.  Anst.  Augustenb.,  1910,  58.  (26,  342) 
Soak  seed  tubers  for  one  and  one-half  hours  before  planting,  in  either  2-percent 
solution  Bordeaux  or  .05-percent  solution  corrosive  sublimate. 

Scab  ( Oospora ) 

Bernhard,  A. 

Deut.  Landw.  Presse,  37  (1910),  18,  204.  (23,  744)  The  use  of  sulphur  is 

beneficial,  as  it  disinfects  the  soil,  improves  physical  conditions,  and  causes 
quicker  and  more  intensive  action  of  commercial  fertilizers. 

Henderson,  L.  F. 

Maritime  Farmer,  14  (1909),  13,  291.  (21,  51)  Treat  seed  tubers  with 

solution  of  either  formalin  or  corrosive  sublimate  and  plant  in  virgin  soil 
when  possible. 

Scab,  Powdery  ( Spongospora ) 

Johnson,  T. 

Sci.  Proc.  Roy.  Dublin  Soc.,  n.  ser.,  12  (1909),  16,  165.  (22,  149)  Treat 

scabby  tubers  with  2-percent  Bordeaux  and  plant  seed  whole. 

Melhus,  I.  E. 

U,  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  127.  (29,  347) 

Morse,  W.  J. 

Me.  Sta.  Bui.  227  (1914).  (31,  243) 

Wart  ( Synchytrium ) 

Bos,  J.  Ritzema 

Tijdschr.  Plantenziekten,  16  (1910),  1-2,  59.  (23,  347) 

Cuthbertson,  W. 

Gard.  Chron.,  3 ser.,  49  (1911),  1261,  122.  (25,  44) 
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Eriksson,  J. 

Jour.  Bd.  Agr.  (London),  21  (1914),  2,  135.  (31,  842)  The  use  of  a 

1-percent  solution  of  formalin  at  the  rate  of  one  quart  per  square  foot  of  soil 
as  a disinfectant  has  been  found  beneficial. 

Gussow,  H.  T. 

Canada  Cent.  Expt.  Farm  Bui.  63.  (22,  545)  Clean  infected  land  of  tubers 

and  rubbish  and  apply  4 to  5 tons  of  unslaked  lime  per  acre. 

Johnson,  T. 

Sci.  Proc.  Roy.  Dublin  Soc.,  n.  ser.,  12  (1909),  14,  131.  (22,  149) 

Jostung,  H. 

Deut.  Landw.  Presse,  36  (1909),  88,  941.  (23,  347)  Use  only  healthy  seed, 

rotate  crops,  burn  diseased  tubers,  and  after  cooking,  feed  slightly  infected 
tubers  to  stock. 


Deut.  Landw.  Presse,  36  (1909),  68.  725.  (22,  246) 

Kitley,  F. 

Gard.  Chron.,  3 ser..  46  (1909),  1175,  362.  (23,  744) 

Malthouse,  G.  T. 

Field  Expts.  Harper-Adams  Agr.  Col.  and  Staffordshire  Joint  Rpt.  1908, 
19.  (24,  449)  The  use  of  sulfur  at  the  rate  of  x/\  pound  per  square  yard  of 

soil  is  recommended. 


Harper-Adams  Agr.  Col.  Bui.,  (1910),  Nov.  (24,  648) 

Riehm,  E. 

Centbl.  Bakt.  (etc.),  2 Abt.,  24  (1909),  8-12,  208.  (22,  650)  Gas  lime, 

quicklime,  or  sulfur  applied  to  soil  have  been  found  beneficial. 

Salmon,  E.  S. 

Jour.  Southeast  Agr.  Col.  Wye,  (1909),  18,  294.  (25,  245) 

Schneider,  G. 

Deut.  Landw.  Presse,  36  (1909),  88,  940.  (22,  545)  Rotate  crops  and 

burn  all  infected  tubers. 

Spieckermann 

Illus.  Landw.  Ztg.,  34  (1914),  2,  7 ; 3,  16.  (31,  149)  Apply  sulfur  to  soil. 

ZlMMERMANN,  E. 

Naturw.  Ztschr.  Forst  u.  Landw.,  8 (1910),  6,  320.  (23,  744) 

(Anon.) 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  8 (1908),  3,  441.  (20,  649) 

(Anon.) 

Gard.  Chron.,  3 ser.,  55  (1914),  1416,  106.  (31,  149) 

(Anon.) 

Jour.  Bd.  Agr.  (London),  17  (1910),  7,  556.  (24,  347)  Use  only  resist- 

ant varieties. 

(Anon.) 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  13  (1913),  4,  661.  (30,  537) 

(Anon.) 

Jour.  Hort.,  60  (1908),  3136,  457.  (20,  545) 


POTATO,  SWEET 

Black  Rot  ( Sphceronema ) 


Harter,  L.  L. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  114.  (28,  849) 

Dry  Rot  ( Diaporthe ) 

Harter,  L.  L.,  and  Field,  E.  C. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  281.  (29,  153)  Cook  diseased 

potatoes  before  feeding  to  stock;  sterilize  seed  beds;  use  care  in  selection  of 
seed. 


Stem  Rot  ( Fusarium ) 


Harter,  L.  L. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  114.  (28,  849) 


QUINCE 

Fire  Blight  ( Bacillus ) 

Pickett,  B.  S. 

111.  Sta.  Circ.  172  (1914).  (31,  644)  Remove  and  destroy  infected  trees, 

which  'carry  disease  over  winter. 


RASPBERRY 

Anthracnose  ( Gloeosporium ) 

Lawrence,  W.  H. 

Wash.  Sta.  Bui.  97.  (23,  452)  Apply  4-4-50  Bordeaux  before  leaves  appear. 

Cane  Blight  (C oniothyrium) 

Ho  WITT,  J.  E. 

Canad.  Hort.,  36  (1913),  10,  237.  (30,  246)  Remove  and  burn  all  dis- 

eased specimens  and  plant  only  healthy  plants. 

O’Gara,  P.  J. 

Off.  Path,  and  Ent.  Rogue  River  Valley,  Bui.  4,  1911.  (27,  250)  Remove 

and  burn  all  infected  canes.  Spray  in  fall  before  rains  with  strong  Bordeaux. 
Give  three  applications  of  Bordeaux  in  spring  before  blossoms  appear.  If 
roses  are  near,  give  them  attention  also. 

Crown  Gall  ( Pseudomonas ) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37  (1914).  (31,  644) 

Hendersonia 

(Anon.) 

Jour.  Bd.  Agr.  (London).  19  (1912),  2,  124.  (27,  448)  Cut  and  burn  all 

diseased  canes.  Spray  with  Bordeaux. 


Rust  ( Gymnoconia ) 


Wilson,  G.  W. 

N.  C.  Sta.  Rpt.  1912,  56.  (29,  50) 
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Y ellows 

Howitt,  J.  E. 

Canad.  Hort..  36  (1913),  10,  237.  (30.  246) 

Melchers,  L.  E. 

Ohio  Xat.,  14  (1914),  6,  281.  (31,  545)  Plant  red  raspberries  secured  from 

uninfected  regions,  in  light  or  medium  heavy  soil.  Manure  well  and  drain 
adequately.  Remove  and  burn  all  diseased  plants. 

RICE 

Blight 

Collier,  J.  S. 

Rpt.  of  investigations  concerning  rice.  Stuttgart,  Ark.,  1910.  (24,  743) 

111.  Sta.  Circ.  156.  (27,  47)  Good  physical  condition  of  soil  with  areation 

at  the  proper  time  will  prevent  the  blight. 

Hewitt,  J.  L. 

Ark.  Sta.  Bui.  110.  (27,  248)  Rotate  crops.  Plow  late  in  fall  and  burn 

stubble. 


Smut  ( Pleospora ) 

Ramirez,  R. 

Bol.  Dir.  Gen.  Agr.  (Mexico),  Rev.  Agr.,  2 (1912),  5,  413.  (29,  245)  Dis- 

infect with  formalin. 


ROSE 

Diseases,  General 
Laubert,  R.,  and  Schwartz,  M. 

Rosenkrankheiten  und  Rosenfeinde  Jena,  1910.  (24,  748) 

Black  Spot  ( Diplocarpon ) 

Wolf,  F.  A. 

Ala.  Sta.  Bui.  172.  (29,  552)  Cultivate  properly  and  spray  with  am- 

moniacal  copper  carbonate. 

Mildew,  Powdery  ( Sphcerotheca ) 

Norton,  J.  B.  S..  and  White,  T.  H. 

Md.  Sta.  Bui.  156.  (26,  450)  Apply  vaporized  sulfur. 

Schmidt,  H. 

Osterr.  Gart.  Ztg.,  4 (1909),  7,  249;  abs.  in  Centbl.  Bakt.  (etc.),  2 Abt.,  26 
(1910),  16-17,  482.  (23,  654)  Put  air-slaked  lime  around  each  bush  in  fall. 

Dust  foliage  with  sulfur. 

Rot  ( Botrytis ) 

Beauverie,  J. 

La  Pourriture  des  Roses,  Lyon,  1910,  8.  Reprint  from  Les  Amis  des  Roses, 
1910.  (24,  351)  Lime  water,  lime  sulfate,  bisulfite  of  magnesia,  nickle  sulfate, 

copper  sulfate,  or  formalin  recommended. 
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RUBBER 

Diseases,  General 

Gallagher,  W.  J. 

Dept.  Agr.  Fed.  Malay  States  Bui.  6.  (21,  749) 

Ridley,  H.  N. 

Agr.  Bui.  Straits  and  Fed.  Malay  States,  8 (1909),  7,  310.  (22,  248) 

and  Derry,  R. 

Agr.  Bui.  Straits  and  Fed.  Malay  States,  9 (1910),  8,  289.  (24,  158) 

Leaf  Spot  ( Passalora ) 

Bancroft,  C.  K. 

Jour.  Bd.  Agr.  Brit.  Guiana,  7 (1913),  1,  37.  Spray  with  lime  sulfur;  de- 
stroy all  affected  leaves  before  transplanting. 

Pink  Disease  ( Corticium ) 

Anst^ad,  R.  D. 

Planters’  Chron.,  6 (1911),  8,  98.  (25,  46)  Apply  6-4-45  Bordeaux. 

(Anon.) 

Agr.  Bui.  Straits  and  Fed.  Malay  States,  9 (1910),  2,  59.  (23,  152) 

Root  Disease  ( Fomes ) 

Gallagher,  W.  J. 

Dept.  Agr.  Fed  Malay  States  Bui.  2.  (21,  749) 


Agr.  Bui.  Straits  and  Fed.  Malay  States,  7 (1908),  11,  515.  (20,  849)  Apply 

lime  and  destroy  fungus  by  exposure  to  sunlight. 

RYE 

Dry  Rot  ( Fusariuni ) 

Hiltner,  L. 

Prakt.  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  11  (1913),  8.  (30,  242)  Cor- 

rosive sublimate  recommended. 

Foot  Disease  ( Ophiobolus ) 

Stormer,  K.,  and  Kleine,  R. 

Illus.  Landw.  Ztg.,  32  (1912),  62,  564.  (28,  51)  Careful  selection  of  seed 

and  the  use  of  lime,  potash,  and  phosporous  in  fertilizers  lessens  injury  from 
the  fungus. 

Smut  ( Urocystis ) 

Ravn,  F.  K. 

Tidsskr.  Landbr.  Planteavl,  19  (1912),  2,  214.  (28,  546)  Soak  seed  in 

water  at  54°  C.  for  five  minutes  and  cool  immediately. 

SEA-KALE 

Rhizoctonia 

Salmon,  E.  S. 

Gard.  Chron,  3 ser.,  44  (1908),  1123,  1.  (20,  451) 
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SNAPDRAGON 

Leaf  Spot  ( Septoria ) 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  35  (1909),  2,  216.  (22,  455)  Spray  with 

Bordeaux  or  potassium  sulfid. 


SORGHUM 

Head  Smut  ( Sorosporium ) 

Potter,  A.  A. 

U.  S.  Dept.  Agr.  Jour.  Agr.  Research,  2 (1914),  5,  339.  (31,  747) 

SPINACH 

Mildew  (P  ronospora) 

Schneider,  N. 

Rev.  Hort.  (Paris),  84  (1912),  21,  493.  (28,  446)  Distribute  sulfur  well 

over  plants. 

New  Disease  ( Heterosporium ) 

Jennison,  H.  M. 

Mass.  Sta.  Rpt.  1910,  pt.  1,  146.  (26,  55)  Select  clean  seed,  prevent  injury, 

and  employ  first-class  cultural  methods. 

SPRUCE 

Dieback  ( Sphceropsis ) 

Petri,  L. 

Ann.  Mycol.,  11  (1913),  3,  278;  abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur. 
Agr.  Intel,  and  Plant  Diseases,  4 (1913),  10,  1660.  (30,  751)  Spray  with  1- 

percent  Bordeaux. 

Leaf  Rust  ( Chrysomyxa ) 

Delforge,  P. 

Bui.  Soc.  Cent.  Forest,  Belg..  15  (1908),  9;  noted  in  Rev.  Gen.  Agron.,  n. 
ser.,  3 (1908),  10,  424.  (20,  849)  Provide  better  air  circulation  and  reduce 

humidity  by  thinning  out  trees.  Remove  and  burn  all  infection  late  in  season. 

STRAWBERRY 

Leaf  Spot  ( MycospJuzrella ) 

Swingle,  D.  B. 

Mont.  Sta.  Circ.  37  (1914).  (31,  644) 

S pur  maria 

Mangin,  L. 

Rev.  Hort.  (Paris),  81  (1909),  24,  568.  (23,  151)  Spray  with  potassium 

sulfid,  3-1000. 

SUGAR  CANE 

Diseases,  General 

Edgerton,  C.  W. 

La.  Sta.  Bui.  120. 
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Maublanc,  C. 

Agr.  Prat.  Pays  Chauds,  10  (1910),  88,  43;  89,  143;  90,  232;  91,  312;  92, 
379;  93,  502.  (25,  847) 


Blight  ( Mycosphcorella ) 

Wilbrink,  G.,  and  Ledeboer,  F. 

Meded.  Proefstat.  Java-Suikerindus.,  1910,  39,  443.  (24,  648)  Reject  all 

diseased  canes  as  seed  and  plant  resistant  varieties  when  possible. 

Red  Rot  ( Colletotrichum ) 

Butler,  E.  J.,  and  Hafiz,  A. 

Mem.  Dept.  Agr.  India,  Bot.  Ser.,  6 (1913),  5,  151.  (30,  649)  Secure  only 

sound  canes  for  seed,  remove  and  burn  all  plants  showing  infection,  and  prac- 
tice long  periods  of  rotation. 

Edgerton,  C.  W. 

La.  Sta.  Bui.  133.  (26,  548) 

Fawcett,  H.  S. 

Fla.  Sta.  Rpt.  1910,  45.  (25,  452)  Dip  the  seed  canes  in  5-5-50  Bordeaux 

just  before  planting.  Plant  in  fall  and  introduce  immune  varieties. 

Kulkarni,  G.  S. 

Dept.  Agr.  Bombay  Bui.  44  (1911).  (27,  48)  Use  only  cuttings  showing 

white  pith  at  ends.  Discard  cuttings  showing  slightest  reddening. 

Root  Disease  (Marasmius) 

Cobb,  N.  A. 

Hawaiian  Sugar  Planters’  Sta.,  Div.  Path,  and  Physiol.  Bui.  6.  (22,  49) 

Stockdale,  F.  A. 

West  Indian  Bui.  9 (1908),  2,  103.  (21,  147) 

SWEET  PEA 

Streak  Disease  ( Bacillus ) 

Manns,  T.  F.,  and  Taubenhaus,  J.  J. 

Gard.  Chron.,  3 ser.,  53  (1913),  1371,  215.  (29,  352)  Mulch  heavily  with 

straw. 

Streak  Disease  ( Macrosporium ) 

(Anon.) 

Gard.  Chron.,  3 ser,  51  (1912),  1308,  36;  1309,  52;  1311,  84.  (27.  354) 

Treat  seed  before  planting  with  solution  of  potassium  permanganate. 

Streak  Disease  ( Thielaz  ia ) 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  37  (1912),  3,  541.  (27,  45)  Secure  good 

active  growth,  as  fungus  attacks  only  weakened  plants. 

Massee,  G. 

Roy.,  Bot.  Gard.  Kew,  Bui.  Misc.  Inform,  1912,  1,  44.  (26,  551)  Fumigate 
seed  bed  with  formalin  or  steam.  The  use  of  coal  ashes  or  volcanic  scoria  for 
seed  beds  may  be  advantageous. 
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TEA 

Blister  Blight  ( Exobasidium ) 

Tunstall,  A.  C. 

Indian  Tea  Assoc.,  Sci.  Dept.  Quart.  Jour.,  1913,  2,  50.  (31,  56)  Spray 

dormant  bushes  with  solution  of  2 pounds  of  sodium  hydrate  to  10  gallons  of 
water.  To  green  bushes  apply  solution  of  6 pounds  of  copper  sulfate  and  quick- 
lime to  100  gallons  of  water. 

Copper  Blight  ( Lcestadia ) 

Shaw,  F.  J.  F. 

Agr.  Jour.  India,  6 (1911),  1,  78.  (25,  46)  Remove  and  burn  all  infection. 

Apply  Bordeaux. 


TIMOTHY 

Rust  ( Puccinia ) 

Johnson,  E.  C. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  224.  (26,  52) 


Abs.  in  Science,  n.  ser.,  31  (1910),  803,  791.  (23,  450) 

Pam mel,  L.  H.,  and  King,  C.  M. 

Ia.  Sta.  Bui.  131.  (27,  445) 


TOBACCO 


Diseases,  General 


Johnson,  J. 

Wis.  Sta.  Bui.  237  (1914).  (31,  448) 


Damping-off  ( Pythium ) 

Russell,  H.  L. 

Wis.  Sta.  Bui.  218.  (27,  45)  Sterilization  of  seed  bed  by  steam  recom- 

mended. 

Gummosis 


Honing,  J.  A. 

Meded.  Deli-Proefstat.  Medan,  5 (1910),  1,  24.  (24,  248) 


Meded.  Deli-Proefstat.  Medan,  5 (1911),  6,  169.  (25,  654) 

Mildew,  Downy  ( Phytophthora ) 

Jensen,  H. 

Jaarb.  Dept.  Landb.  Nederland.  Indie,  1909,  192.  (25,  145)  The  use  of  cai- 

bon  bisulfid  or  potassium  permanganate  recommended. 

Mosaic 

Perreau 

Bui.  Soc.  Bot.  France,  56  (1909),  1,  53.  (23,  649)  Use  only  seed  from 

healthy  plants. 
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Phelipcea 


Constancis 

Jour.  Agr.  Prat.,  n.  ser.,  18  (1909),  43,  565. 


(22,  348) 


Root  Rot  ( Thiel-avia ) 

Gilbert,  W.  W. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  158  (22,  49) 

with  steam. 


Sterilize  seed  beds 


Sooty  Mold  ( Fumago ) 

Inglese,  E. 

Bol.  Tec.  Coltiv.  Tabacchi  (Scafati),  10  (1911),  2,  81.  (25,  455) 

Wilt  ( Bacillus ) 

Hutchinson,  C.  M. 

Mem.  Dept.  Agr.  India,  Bact.  Ser.,  1 (1913),  2,  67.  (30,  50)  Conserve  the 

moisture  and  develop  root  system ; avoid  alkaline  manures ; remove  and  burn 
all  diseased  plants. 

Smith,  E.  F. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  141.  (20,  948) 


TOMATO 

Diseases,  General 

Edgerton,  C.  W.,  and  Moreland,  C.  C. 

La.  Sta.  Bui.  142.  (30,  50) 

Fulton,  H.  R. 

N.  C.  Sta.  Circ.  19  (1914).  (31,  644) 

Hewitt,  J.  L. 

Ark.  Sta.  Circ.  21  (1914).  (31,  644) 

Webb,  T.  C. 

Jour.  Agr.  (New  Zeal.),  7 (1913),  1,  46.  (30,  244) 

Bacteriosis  ( Bacterium ) 

Finardi,  E. 

Avven.  Agr.,  20  (1912),  7,  290;  abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui. 
Bur.  Agr.  Intel,  and  Plant  Diseases,  3 (1912),  10,  2310.  (29,  246) 


Rolfs,  P.  H. 

Fla.  Sta.  Bui.  117. 


Black  Spot  ( Alternaria ) 
(29,  847) 


Rolfs,  P.  H. 

Fla.  Sta.  Bui.  117. 


Blight,  Bacterial  ( Bacillus ) 
(29,  847) 


Blight,  Fungous  ( Fusarium ) 


Rolfs,  P.  H. 

Fla.  Sta.  Bui.  117. 


(29,  847) 
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Blight,  Sclerotium  ( Sclerotinia ) 

Rolfs,  P.  H. 

Fla.  Sta.  Bui.  117.  (29,  847) 

Blossom-end  Rot 

Brooks,  C. 

Abs.  in  Phytopath..  4 (1914),  1.  49.  (31,  447)  Disease  worse  on  heavy 

than  on  light  soil.  Application  of  sodium  nitrate  beneficial.  Lime  a partial 
preventative. 

Stone,  G.  E. 

Mass.  Sta.  Bui.  138.  (26,  649)  Subirrigate  and  shade  plants. 

Stuckey,  H.  P.,  and  Temple,  J.  C. 

Ga.  Sta.  Bui.  96.  (26,  648)  To  control  the  disease,  keep  an  abundance  of 

water  in  the  soil. 

(Anon.) 

Agr.  News.  (Barbados),  13  (1914),  315,  174.  (31,  644)  Give  attention  to 

water  supply  and  prevent  excessive  transpiration. 


Canker  ( Mycosphcerella ) 

( Anon.  ) 

Gard.  Chron.,  3 ser.,  54  (1913),  1393,  167.  (30,  148)  Proper  temperature 

and  humidity  in  the  houses  and  spraying  with  Bordeaux  should  tend  to  prevent 
occurrence  of  disease. 


Leaf  Mold  ( Cladosporium ) 

(Anon.) 

Jour.  Bd.  Agr.  (London),  18  (1912),  11,  920;  abs.  in  Mycol.  Centbl.,  1 
(1912),  6.  181.  (27,  651)  If  plants  are  young,  cover  entire  surface  with  half- 
strength Bordeaux.  If  flowers  and  young  fruit  are  present,  use  potassium- 
sulfid  solution  (1  ounce  in  4 gallons  of  water). 

(Anon.) 

Agr.  News  (Barbados).  13  (1914),  315,  174.  (31,  644)  Spray  frequently 

with  4-4-50  Bordeaux. 

(Anon.) 

Bd.  Agr.  and  Fisheries  (London)  Leaflet  262,  1912.  (27,  249) 

Leaf  Spot  ( Septoria ) 

Long,  H.  C. 

Gard.  Chron.,  3 ser.,  54  (1913),  1407,  417.  (30,  749)  Remedial  measures 

recommended  by  Giissow  in  Exp.  Sta.  Rec.,  20,  346,  approved. 

Reed,  H.  S. 

Va.  Sta.  Bui.  192.  (25,  548)  Three  to  four  applications  of  4-5-50  Bordeaux 

recommended. 

Vera,  V. 

Prog.  Agr.  y Pecuario,  15  (1909),  613,  64.  (20,  1139) 


Rolfs,  P.  H. 

Fla.  Sta.  Bui.  117. 


Rot  ( Macrosporium ) 
(29,  847) 
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TULIP 

Sclerotium 

Elenkin,  A.  A. 

Abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Dis- 
eases, 3 (1912),  4,  1066.  (27,  851)  Uproot  and  burn  affected  bulbs.  Disinfect 

soil  with  carbolineum. 


TURNIP 

Club  Root  ( Plasmodiophora ) 

Collinge,  W.  E. 

Jour.  Cooper  Research  Lab.,  1909,  1,  15.  (21,  747) 

Manson,  A. 

North  of  Scotland  Col.  Agr.  Expt.  Leaflet  24  (1913),  24.  (30,  848) 

Pardy,  A. 

North  of  Scotland  Col.  Agr.  Expt.  Leaflet  25  (1913),  52.  (30,  848) 

Chlorid  of  lime  and  lime  water  have  proved  beneficial. 

WALNUT 

Bacteriosis  ( Pseudomonas ) 

Smith,  R.  E.  and  C.  O.,  and  Ramsey,  H.  G. 

Cal.  Sta.  Bui.  231.  (28,  349) 


WHEAT 

Diseases,  General 

Giissow,  H.  T. 

Canada  Expt.  Farms  Rpts.  1911,  239,  244.  (27,  349) 

Take-All  ( Ophiobolus ) 

Mangin,  L. 

Jour.  Agr.  Prat.,  n.  ser.,  24  (1912),  32,  174.  (27,  748)  Burn  straw  over 

field ; treat  seed  with  solution  of  copper  and  dust  with  lime ; sow  late. 

Pridham,  J.  T. 

Jour.  Dept.  Agr.  Victoria,  9 (1911),  4,  250.  (25,  454) 

Reuther 

Deut.  Landw.  Presse,  40  (1913),  65,  780.  (30,  242)  Select  clean  seed;  use 

nitrogenous  manures  sparingly ; suppress  weeds ; rotate ; and  drain  properly. 
Richardson,  A.  E.  V. 

Jour.  Dept.  Agr.,  South  Aust,  14  (1910),  5,  466.  (24,  551) 

Stormer,  K.,  and  Kleine,  R. 

Ulus.  Landw.  Ztg.,  32  (1912),  62,  564.  (28,  51)  Careful  selection  of  seed 

and  the  use  of  lime,  potash,  and  phosphorous  in  fertilizers  lessens  injury. 
(Anon.) 

Bd.  Agr.  and  Fisheries  (London)  Leaflet  273  (1913).  (30,  148)  Super- 
phosphate of  lime  1^2  hundredweight  per  acre  applied  while  crop  is  young  is 
effective.  Iron  sulfate  1 hundredweight  per  acre  checked  disease  in  Australia. 
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(Anon.) 

Agr.  Gaz.  X.  S.  Wales,  23  (1912),  11.  934.  (28.  646)  Grow  oats  and 

fallow  between  crops. 

Rust  ( Puccinia ) 

Biffen,  R.  H. 

Jour.  Bd.  Agr.  (London).  15  (1908),  4,  241.  (20,  648) 

Fuschini,  G. 

Rivista  (Conegliano),  4 ser.,  17  (1911),  19,  443;  abs.  in  Internat.  Inst.  Agr. 
(Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Diseases,  2 (1911),  11-12,  2600.  (27,  47) 
Iron  sulfate  in  soil  increases  plant  vigor  and  may  aid  in  resisting  rust. 

Me  Alpine,  D. 

Jour.  Dept.  Agr.  Victoria,  7 (1909),  4,  255.  (21,  641) 

Tonnelier,  A.  C. 

Trab.  4.  Cong.  Cient.  Santiago  de  Chile,  16  (1908-09),  136.  (28,  242)  Apply 

repeatedly  fungicides  having  copper  as  a basis. 

Vernet,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 30  (1909),  40,  428.  (22,  49) 

Smut,  Flag  ( Urocystis ) 

Darnell-Smith,  G.  P. 

Agr.  Gaz.  X.  S.  Wales,  25  (1914),  4,  285.  (31.  746)  Before  planting  dip 

seed  in  2-percent  copper-sulfate  solution  for  five  minutes,  then  in  lime  water  for 
five  minutes. 

Schmitz,  N. 

Md.  Sta.  Bui.  147.  (24,  47) 

Smut,  Loose  ( Ustilago ) 

Appel,  O.,  and  Riehm,  E. 

Arb.  K.  Biol.  Anst.  Land  u.  Forstw.,  8 (1911),  3,  343.  (26,  546) 

Long,  W. 

Centbl.  Bakt.  (etc.),  2 Abt.,  25  (1909),  1-4,  86.  (22,  745) 

Smut,  Stinking  ( Tilletia ) 

Darnell-Smith,  G.  P. 

Agr.  Gaz.  X.  S.  Wales,  21  (1910).  9,  751.  (24,  347) 

Heald,  F.  D. 

Insect  Pest  and  Plant  Disease  Bur.  Nebr,  Bui.  2.  (21,  642)  Formalin 

recommended. 

Hecke,  L. 

Ztschr.  Landw.  Yersuchsw.  Osterr.,  12  (1909),  2,  49.  (23,  46) 

Humphrey,  H.  B. 

Wash.  Sta.  Popular  Bui.  48.  (28,  745)  Before  planting  seed,  treat  with 

solution  of  copper  sulfate  or  formalin. 

Jordi,  E. 

Jahresber.  Landw.  Schule  Riitti,  1908-09.  89;  abs.  in  Centbl.  Bakt.  (etc.),  2 
Abt.,  26  (1910),  16-17,  498.  (23,  546)  Several  immersions  of  seed  in  Bordeaux 

before  planting  recommended. 


McAlpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  1,  53.  (23,  47)  Copper  solution,  10-50, 

and  formalin  solution,  1-40,  recommended. 

Muller,  H.  €*,  and  Morganthaler,  O. 

Fiihling’s  Landw.  Ztg.,  62  (1913),  14,  481,  (30,  351).  Soak  seed  in  water 
at  55°  C.  for  ten  minutes  before  planting;  plant  deeply. 

Orton,  C.  R. 

Proc.  Ind.  Acad.  Sci.,  1911,  343.  (29,  750)  Treat  seed  before  planting  with 

.1-percent  solution  of  formalin. 

Reynolds,  M.  H. 

Agr.  Gaz.  N.  S.  Wales,  24  (1913),  6,  461.  (29,  750) 

Richardson,  A.  E.  V. 

Jour.  Dept.  Agr.  So.  Aust.,  13  (1910),  6,  491.  (23,  47) 

Roberts,  H.  F.,  and  Graff,  P.  W. 

Kans.  Sta.  Circ.  12.  (24,  153)  Jensen  modified  hot-water  treatment  recom- 

mended. 

Soutter,  R. 

Queensland  Agr.  Jour.,  28  (1912),  1,  1.  (26,  746) 

Stormer,  K. 

Deut.  Landw.  Presse,  38  (1911),  80,  917;  81,  929.  (26,  447) 

Sutton,  G.  L.,  and  Downing,  R.  G. 

Agr.  Gaz.  N.  S.  Wales,  21  (1910),  5,  382;  abs.  in  Jour.  Dept.  Agr.  So.  Aust., 
13  (1910),  11,  960;  Gard.  Chron.,  3 ser.,  48  (1910),  1128,  22.  (23,  742)  Treat 

seed  before  planting  with  a solution  of  copper  sulfate  and  salt. 

(Anon.) 

Landw.  Ztschr.  Rheinprovinz,  10  (1909),  40,  585.  (23,  349) 

( Anon.  ) 

Agr.  Gaz.  N.  S.  Wales,  23  (1912),  5,  396.  (27,  649) 

WILLOW 

Armillaria 

Brooks,  F.  T. 

Gard.  Chron.,  3 ser.,  49  (1911),  1260,  100.  (24,  748)  Replace  diseased 

willows  with  ash,  as  ash  are  immune. 


MISCELLANEOUS 

CITRUS  FRUITS 

Diseases,  General 

Rolfs,  P.  H„  Fawcett,  H.  S.,  and  Floyd,  B.  F. 

Fla.  Sta.  Bui.  108.  (26,  549) 

Ross,  C. 

Queensland  Agr.  Jour.,  n.  ser.,  1 (1914),  1,  48.  (31,  244) 
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Blight 

Fawcett,  H.  S. 

Proc.  Fla.  State  Hort.  Soc.,  22  (1909),  75.  (22,  350) 

Canker 

Stevens,  H.  E. 

Fla.  Sta.  Bui.  122  (1914).  (31,  54)  Careful  inspection  of  nursery  stock, 

destruction  by  burning  of  small  infected  trees,  and  pruning  off  and  burning 
of  all  diseased  parts  of  larger  trees  recommended. 

Foot  Rot 

Fawcett,  H.  S. 

Proc.  Fla.  State  Hort.  Soc.,  22  (1909),  75.  (22,  350) 

Gummosis 

Fawcett,  H.  S. 

Proc.  Fla.  State  Hort.  Soc.,  22  (1909),  75.  (22,  350) 


Phytopath.,  4 (1914),  1,  54.  (31,  449)  Avoid  conditions  favorable  for 

infection ; make  all  new  plantings  with  trees  budded  high  on  sour  stocks ; and 
trim  out  and  paint  trunks  with  concentrated  Bordeaux. 

Floyd,  B.  F. 

Fla.  Sta.  Rpt.  1913,  27.  (31,  749) 

Knot  ( SpJuzropsis ) 

Hedges,  F.,  and  Tenny,  L.  S. 

U.  S.  Dept.  Agr.,  Bur.  Plant.  Indus.  Bui.  247.  (27,  652)  Remove  and 

burn  all  diseased  limbs. 


Fawcett,  H.  S. 

Fla.  Sta.  Bui.  109. 


Scab  ( Cladosporium ) 

(27,  653)  Ammoniacal  copper  carbonate  recommended. 


Proc.  Fla.  State  Hort.  Soc.,  22  (1909),  75.  (22,  350) 

Scaly  Bark  ( Colletotrichum ) 

Essig,  E.  O. 

Pomona  Col.  Jour.  Econ.  Bot.,  1 (1911),  1,  25.  (24,  747)  Bordeaux  4-4-50 

recommended. 

Fawcett,  H.  S. 

Proc.  Fla.  State  Hort.  Soc.,  22  (1909),  75.  (22,  350) 


Fla.  Sta.  Rpt.  1909,  44.  (23,  446) 


Fla.  Sta.  Rpt.  1910,  45.  (25,  450)  Scrape  off  diseased  bark,  paint  surface 

with  carbolineum  mixture  consisting  of  1 gallon  of  carbolineum  and  1 gallon  of 
water  in  which  1 pound  of  whale  oil  soap  has  been  dissolved. 


Fla.  Sta.  Bui.  98.  (20,  1045)  Bordeaux  recommended. 
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Fawcett,  H.  S. 

FJa.  Sta.  Bill.  106.  (25,  551)  Bordeaux  recommended. 

Rolfs,  P.  H. 

Pomona  Col.  Jour.  Econ.  Bot.,  1 (1911),  3,  107.  (27,  50) 

Stem-end  Rot  ( Phomopsis ) 

Fawcett,  H.  S. 

Fla.  Sta.  Bui.  107.  (26,  449)  Destroy  infected  branches  and  fruit  and  spray 

against  scale  insects.  Cull  fruit  to  be  shipped  and  keep  cool  in  transit. 
Stevens,  H.  E. 

Fla.  Sta.  Rpt.  1913,  72.  (31,  750)  Bordeaux  recommended. 


Fla.  Sta.  Bui.  111.  (28,  651)  Prune  out  dead  branches,  spray  with  Bordeaux 

or  ammoniacal  copper  carbonate,  and  destroy  all  infected  fruit. 

FIELD  CROPS 

Diseases,  General 

Jackson,  H.  S. 

Del.  Sta.  Bui.  83.  (20.  946) 

Whetzel,  H.  H. 

N.  Y.  (Cornell)  Sta.  Bui.  283.  (24,  550) 

CEREALS 

Diseases,  General 

Bolley,  H.  L. 

N.  D.  Sta.  Bui.  87.  (22,  744) 

Foex,  E. 

Rev.  Phytopath.  Appl..  1 (1914),  18-19.  13;  20-21,  17;  22-23,  25.  (31,  841) 

Hoffmann,  M. 

Jahresber.  Landw.,  24  (1909),  203.  (24.  345) 

Howitt,  J.  E. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  37  (1911),  47.  (27,  746) 

Kirch ner,  O. 

Wiirttemb.  Wchnbl.  Landw.,  1913,  29,  Beilage,  439;  30,  Beilage,  445.  (29,  845) 
Muller,  H.  C.,  Molz  E.,  and  Morgenthaler,  D. 

Ber.  Agr.  Chem.  Kontroll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen,  1912, 
67.  (30,  148) 

Muller,  H.  C.,  Stormer,  K.,  et.  al. 

Ber.  Agr.  Chem.  Kontroll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen,  1910, 
71.  (26,  142) 

Stormer,  K. 

Landw.  Wchnschr.  Sachsen,  12  (1910),  2,  10  ; 3.  19;  4,  27.  (22,  741) 

Anthracnose  ( Colletotrichum ) 

Selby,  A.  D.,  and  Manns,  T.  F. 

Ohio  (Wooster)  Sta.  Bui.  203.  (21,  745) 
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Foot  Disease  ( Ophiobolus ) 

Guerrapain,  A.,  and  Demolon,  A. 

Betterave,  23  (1913),  597,  386;  598,  402;  24  (1914),  599,  7.  (30,  747) 

Mildew 

Reed,  G.  M. 

Bui.  Torrey  Bot.  Club,  36  (1909),  7,  353.  (21.  641) 


Rust  ( Puccinia ) 

Freeman,  E.  M.,  and  Johnson,  E.  C. 

U.  S.  Dept.  Agr,  Bur.  Plant  Indus.  Bui.  216.  (25,  651) 

varieties. 

Jordi,  E. 

Jahresber.  Landw.  Schule  Riitti,  1909-10,  108.  (24,  345) 

La mont,  W.  J. 

Agr.  Jour.  Cape  Good  Hope,  37  (1910),  3,  243.  (24,  346) 
McAlpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  5,  284.  (23,  649) 

Smut 


Appel,  O. 

Mitt.  Deut.  Landw.  Gesell.,  24  (1909),  16,  256.  (21,  549) 


Breed  resistant 


Jahrb.  Deut.  Landw.  Gesell.,  24  (1909).  2,  319.  (21,  642) 

and  Riehm,  E. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1910,  10,  7.  (23,  646)  Soak  seed  for 

five  hours  in  water  at  25°  C.  Then  dry  for  25  minutes  at  60°  C. 

Broz,  O. 

Monatsh.  Landw  . 4 (1911),  10,  289;  5 (1912),  1,  17.  (27,  246)  Sterilize 

seed  with  formalin  or  copper  sulfate. 

Burmester,  H. 

Ztschr.  Pflanzenkrank.,  18  (1908),  3,  154.  (21.  242) 

DTpollito,  G. 

Bol.  Quind.  Soc.  Agr.  I tal.,  16  (1911),  19,  680;  abs.  in  Riv.  Patol.  Veg.,  5 
(1911),  9,  133.  (27,  149)  Hot-water  treatment  of  seed  recommended. 
Eriksson,  J. 

K.  Landtbr.  Akad.  Handl.  och  Tidskr.,  47  (1908),  4,  274.  (22,  246) 

Falck,  R. 

Jour.  Landw.,  56  (1908),  2,  173.  (20,  648) 

Freeman,  E.  M.,  and  Stackman,  E.  C. 

Minn.  Sta.  Bui.  122.  (25,  144)  Sterilize  seed  with  formalin,  copper  sulfate,* 

or  hot  water. 

Gussow,  H.  T. 

Canada  Central  Expt.  Farm  Bui.  73  (30,  47) 

Hughes,  H.  D.,  and  Taft,  P.  C. 

Ia.  Sta.  Circ.  11  (1913).  (31,  344) 

Johnson,  E.  C. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  507  (28,  51) 
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J0RDI,  E. 

Jahresber.  Landw.  Schule  Riitti,  1909-10,  108.  (24,  345)  Breed  resistant 

varieties. 

Kirch  ner,  O. 

Illus.  Landw.  Ztg.,  29  (1909),  30,  305.  (21,  446) 

Lang,  H. 

Illus.  Landw.  Ztg.,  28  (1908),  70,  603.  (20,  947)  Soak  seed  from  6 to  12 

hours  in  water  at  ordinary  temperature.  Then  subject  to  air  heated  to  60°  C. 
Me  Alpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  5,  284.  (23,  649) 


Melbourne  Dept.  Agr.  Victoria,  1910,  288.  (24,  45) 

Murray,  J. 

Canada  Expt.  Farms  Rpts.  1909,  275.  (22,  345) 

Pye,  H. 

Jour.  Dept.  Agr.  Victoria,  7 (1909),  6,  368.  (21,  641) 

Reed,  G.  M. 

Ann.  Rpt.  Mo.  Bd.  Agr.,  44  (1911),  253.  (28,  51) 
Riehm,  E. 

Deut.  Landw.  Presse,  36  (1909),  35,  373.  (21,  446) 


Deut.  Landw.  Presse,  40  (1913),  10,  107  (29.  47) 

Stevens,  F.  L. 

N.  C.  Sta.  Bui.  212.  (24,  246) 

Stewart,  R.,  and  Stephens,  J. 

Utah  Sta.  Bui.  108.  (23,  742) 

Stormer,  K.,  et  al. 

Deut.  Landw.  Presse,  38  (1911),  88,  1005.  (27,  246)  Modified  hot-water 

treatment  recommended. 

Wilcox,  E.  M. 

Nebr.  Sta.  Bui.  131.  (28,  445) 

Zavitz,  C.  A. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  34  (1908),  183.  (21,  341) 

Immerse  seed  in  formalin  solution  (1  pint  of  formalin  to  42  gallons  of  water)  for 
20  minutes. 

Smut,  Loose  ( Ustilago ) 

Appel,  O. 

Ber.  Deut.  Bot.  Gesell.,  27  (1909),  10,  606.  (23,  46)  Hot-water  treatment 

of  seeds  recommended. 


Illus.  Landw.  Ztg.,  30  (1910),  15,  126.  (23,  148) 
and  Riehm,  E. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1909,  8,  9.  (23,  247) 


Min.  Bl.  K.  Preuss.  Verwalt.  Landw.,  Domanen  u.  Forsten,  7 (1911),  5, 
118.  (25,  453)  Apparatus  for  hot-air  and  hot-water  treatments  described 
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Arthur,  J.  C.,  and  Johnson,  A.  C. 

Ind.  Sta.  Circ.  22.  (23,  147)  Formalin  recommended. 

Cook,  M.  T. 

N.  J.  Sta.  Circ.  36.  (31,  446) 

Detken,  W. 

Illus.  Landw.  Ztg.,  29  (1909),  83,  783.  (22,  345)  Soak  seed  in  cold  water 

for  several  hours;  then  dry  at  60°  C. 

Freeman,  E.  M.,  and  Johnson,  E.  C. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  152.  (21,  445) 

Loch  head,  W. 

Ann.  Rpt.  Quebec  Soc.  Protec.  Plants  (etc.),  3 (1910-11),  67.  (26,  341) 

Schander,  R. 

Landw.  Centbl.  Posen,  1910,  5;  abs.  in  Centbl.  Bakt.  (etc.),  2 Abt , 28  (1910), 
9-11.  302.  (24,  346) 


Deut.  Landw.  Presse,  37  (1910),  30,  333.  (24,  346)  Hot-water  method  of 

treatment  described  in  full. 


Mitt.  Kaiser  Wilhelms  Inst.  Landw.  Bromberg,  6 (1914),  2,  132.  (31,  147) 

Stormer,  K. 

Landw.  Wchnschr.  Sachsen,  10  (1908),  35,  306;  38,  331;  39,  340;  40,  347. 
(20,  1042) 


Landw.  Wchnschr.  Sachsen,  12  (1910),  12,  91.  (23,  346) 

Smut,  Stinking  ( Tilletia ) 

Appel,  O. 

Mitt.  Deut.  Landw.  Gesell.,  28  (1913),  16,  1.  (30,  449) 

Cook,  M.  T. 

N.  J.  Sta.  Circ.  36.  (31.  446) 

Ditzell,  F.,  and  Downing,  R.  G. 

Agr.  Gaz.  N.  S.  Wales,  22  (1911),  4,  341.  (25,  750)  Copper  sulfate,  copper 

sulfate  and  lime-water,  copper  sulfate  and  sodium  chlorid,  Fungusine,  and 
Bordeaux  paste  all  recommended. 

Lochhead,  W. 

Ann.  Rpt.  Quebec  Soc.  Protec.  Plants  (etc.),  3 (1910-11),  67.  (26,  341) 

Orton,  C.  R. 

Proc.  Ind.  Acad.  Sci.,  1911,  343.  (29,  750) 

Stewart,  R.,  and  Stephens,  J. 

Utah  Sta.  Bui.  108.  (23,  742) 

Straw  Blight 

Fron,  G. 

Abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Diseases, 
3 (1912),  4,  1054.  (27,  747) 

(Anon.) 

Ann.  Uffic.  Agr.  Prov.  Bologna,  18  (1911-12),  194.  (30,  349) 
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TREES,  GENERAL 

Diseases,  General 

Forbes,  A.  C. 

Dept.  Agr.  and  Tech.  Instr.  Ireland  Jour.,  10  (1909),  1,  35.  (22,  549) 

Kock,  G. 

Sep.  from  Landes  Amtsbl.  Erzherzogt.  Osterr.  unter  der  Enns,  1909,  4-5,  36 
(23,  553) 

Massee,  G. 

Diseases  of  Cultivated  Plants  and  Trees.  New  York  and  London,  1910. 
(24,  44) 

Mer,  E. 

Bui.  Soc.  Nat.  Agr.  France,  70  (1910),  7,  652.  (24,  251) 

von  Schrenk,  H.,  and  Spaulding,  P. 

U.  S.  Dept.  Agr,  Bur.  Plant  Indus.  Bui.  149.  (21,  448) 

Root  Rot  ( Agaricus ) 

Adespeissis,  A. 

Jour.  Dept.  Agr.  West  Aust,  17  (1908),  1,  534.  (20,  1141) 


TREES,  CONIFEROUS 


Damping-off  ( Pytlnum ) 


Hartley,  C.  P. 

Science,  n.  ser,  36  (1912),  933,  683.  (28,  246) 


Gray  Mold  ( Botrytis ) 

(Anon.) 

Bd.  Agr.  and  Fisheries  (London)  Leaflet  234.  (23,  653)  Burn  all  diseased 

seedlings  and  spray  with  a solution  of  11  pounds  copper  sulfate,  16  pounds  copper 
carbonate,  1 pound  potassium  permanganate,  and  3 pounds  soft  soap  in  100 
gallons  of  rain  water. 


Phoma 


Mer,  E. 

Bui.  Soc.  Sci.  Nancy,  3 ser,  9 (1908),  2,  104. 


(20,  849) 


TREES,  FRUIT 

Diseases,  General 

Bethune,  C.  J.  S. 

Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt.  Farm,  35  (1909),  34.  (23,  351) 

Colli nge,  W.  E. 

Rpt.  Econ.  Biol,  2 (1912),  41.  (26,  445) 

Giissow,  H.  T. 

Canada  Exp.  Farms  Rpts.  1911,  239.  (27,  349) 

Heald,  F.  D. 

Texas  Dept.  Agr.  Bui.  22  (1911).  (30,  537) 

Kirch  ner,  O. 

Wiirttemb.  Wchnbl.  Landw,  1913,  29,  439;  30,  455.  (29,  845) 
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Lewis,  A.  C. 

Ga.  Bd.  Ent.  Bui.  32  (1910),  35.  (24,  745) 

Linsbauer,  L.t  Zweigelt,  F.,  and  Zuderwell,  H. 

Programm  u.  Jahresber.  K.  K.  Hoh.  Lehranst.  Wein  u.  Obstbau  Klos- 
temeuburg,  1912-13,  159.  (30,  240) 

Lloyd,  F.  E.,  Ridgway,  C.  S.,  and  Chatterton,  H.  J. 

Bui.  Agr.  Dept.  (Ala.),  32.  (23,  247) 

Morse,  W.  J. 

Me.  Sta.  Bui.  164.  (21,  144) 

Muller,  H.  C.,  Molz,  E.,  and  Morgenthaler,  D. 

Ber.  Agr.  Chem.  Krontoll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen,  1912, 
67.  (30,  148) 

Norton,  J.  B.  S.,  and  Norman,  A.  J. 

Md.  Sta.  Bui.  143.  (23,  252) 

Pammel,  L.  H. 

Trans.  Iowa  Hort.  Soc.,  47  (1912),  196.  (29,  445) 

Reed,  G.  M. 

Ann.  Rpt.  Mo.  Bd.  Hort.,  5 (1912),  342.  (28,  243) 

Salmon,  E.  S. 

Tour.  Southeast  Agr.  Col.  Wye,  1912,  21,  321.  (30,  348) 

Selby,  A.  D. 

Ohio  State  Hort.  Soc.  Ann.  Rpt.,  43  (1910),  77.  (24,  447) 

Tompson,  H.  C. 

Miss.  Sta.  Bui.  141.  (24,  45) 

Westerdyjk,  Johanna 

Phytopath.  Lab.  “Willie  Commelin  Scholten,”  Jaarver,  1912.  (30,  647) 

Whetzel,  H.  H. 

N.  Y.  (Cornell)  Sta.  Bui  283.  (24,  550) 

Black-Spot  Canker 

Carpenter,  J.  F. 

Brit.  Columbia  Dept.  Agr.  Bui.  34  (1911).  (27,  448)  To  prevent  infection, 

apply  Bordeaux  or  lime  sulfur.  Keep  dry  and  free  from  injury. 

Brown  Rot  ( Monilia ) 

DE  ISTVANFFI,  G. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  29.  (21,  552) 

Chlorosis 

Riviere,  G.,  and  Bailhache,  G. 

Jour.  Soc.  Nat.  Hort.  France,  4 ser.,  14  (1913),  287.  (30,  749)  Iron  sulfate 
gives  favorable  results,  due  probably  to  the  metallic  component  of  this  salt. 
(Anon.) 

Bol.  Quind.  Soc.  Agr.  Ital.,  16  (1911),  16,  595;  abs.  in  Mitt.  Deut.  Landw. 
Gesell.,  26  (1911),  42,  582.  (26,  749) 

Crown  Gall  ( Pseudomonas ) 

Phillips,  J.  L. 

Rpt.  State  Ent.  and  Plant  Path.  Va.,  7 (1908-09),  56.  (23,  149) 
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Fire  Blight  ( Bacillus ) 

Jones,  D.  H. 

Ontario  Dept.  Agr.  Bui.  176.  (23,  49) 

Stewart,  V.  B. 

N.  Y.  (Cornell)  Sta.  Bui.  329.  (29,  348)  Eradicate  holdover  blight, 

remove  quince  blossom  buds,  and  inspect  diseased  areas  often. 


N.  Y.  (Cornell)  Sta.  Circ.  20.  (29,  551) 

Whetzel,  H.  H.,  and  Stewart,  V.  B. 

N.  Y.  (Cornell)  Sta.  Bui.  272.  (22,  747) 


Hypochnose  ( Hypochnus ) 

Stevens,  F.  L.,  and  Hall,  J.  G. 

Ann.  Mycol.,  7 (1909),  1,  49.  (21,  244) 


Mushroom  Root  Rot  ( Armillaria ) 

Barss,  H.  P. 

Ore.  Countrytnan,  6 (1913),  3,  113.  (30,  649)  Remove  and  destroy  affected 
and  dead  roots;  disinfect  with  Bordeaux,  lime  sulfur,  or  corrosive  sublimate 
and  treat  exposed  surfaces  with  tree  paint  or  grafting  wax. 

Scab  ( V enturia ) 


Huber,  K. 

Deut.  Obstbau  Ztg.,  1908,  23-24,  382.  (21,  54)  Bordeaux  recommended. 


TRUCK  CROPS 

Diseases,  General 

Collinge,  W.  E. 

Rpt.  Econ.  Biol.,  2 (1912),  41.  (26,  445) 

Eastham,  J.  W.,  and  Howitt,  J.  E. 

Ontario  Dept.  Agr.  Bui.  171.  (21,  342) 

Fawcett,  H.  S. 

Fla.  Sta.  Rpt.  1908,  64.  (21,  343) 

Giddings,  N.  J. 

W.  Va.  Sta.  Bui.  123.  (23,  46) 

Harter,  L.  L. 

Va.  Truck  Sta.  Bui.  1.  (22,  147) 

Kirch ner,  O. 

Wurttemb.  Wchnbl.  Landw.,  1913,  29,  439 ; 30,  455.  (29,  845) 

Muller,  H.  C.,  Stormer,  K.,  et  al. 

Ber.  Agr.  Chem.  Kontroll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen,  1910, 
71.  (26,  142) 

Muller,  H.  C.,  Molz,  E.,  and  Morgenthaler,  D. 

Ber.  Agr.  Chem.  Kontroll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen,  1912, 
67.  (30,  148) 

Sackett,  W.  G. 

Colo.  Sta.  Bui.  138.  (21,  145) 


Selby,  A.  D. 

Ann.  Rpt.  Columbus  Hort.  Soc.,  1910,  13.  (28,  148) 

Tompson,  H.  C. 

Miss.  Sta.  Bui.  141.  (24,  45) 

Westerdijk,  Johanna 

Phytopath.  Lab.  “Willie  Commelin  Scholten,”  Jaarver,  1911.  (30,  647) 


Phytopath.  Lab.  “Willie  Commelin  Scholten,”  Jaarver,  1912.  (30,  647) 

Whetzel,  H.  H. 

N.  Y.  (Cornell)  Sta.  Bui.  283.  (24,  550) 

(Anon.) 

Wis.  Sta.  Bui.  228.  (28.  844) 

Club  Root  ( Plasmodiophora ) 

VAN  PoETEREN,  N. 

Tijdschr.  Plantenziekten,  17  (1911),  4-6,  150.  (26,  447) 

Wagner,  J.  P. 

Mitt.  Deut.  Landw.  Gesell..  24  (1909),  41,  610.  (23,  250) 

Damping-off  ( Fusarium ) 

Gifford,  C.  M. 

Vt.  Sta.  Bui.  157.  (26.  57) 
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FUNGICIDES 

ADHERENTS,  GENERAL 

Astruc,  H. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  ( 1913),  24,  746;  25,  780.  (29,  554) 

Fonzes-Diacon,  H. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  11,  331.  (29,  157) 

Lecomte,  A. 

Rev.  Vit.,  40  (1913),  1027,  225.  (30,  248) 

Vermorel,  V.,  and  Dantony,  E. 

Compt.  Rend.  Acad.  Sci.  (Paris),  154  (1912),  20,  1300-1302.  (27,  548) 


Compt.  Rend.  Acad.  Sci.  (Paris),  156  (1913),  19,  1475;  Prog.  Agr.  et  Vit. 
(Ed.  l’Est-Centre),  S4  (1913),  21,  657.  (29,  451) 


Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 34  (1913),  25,  778.  (30,  153) 

Weinmann,  J. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 33  (1912),  23,  709.  (27,  753) 


Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  33  (1912),  29,  85.  (28,  154) 

PREPARATION  AND  APPLICATION,  GENERAL 

Chandler,  W.  H. 

Ann.  Rpt.  Mo.  Bd.  Hort.,  2 (1908),  314.  (22,  152) 

Chappaz,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre) , 34  (1913),  16,  487.  (29,  554) 

Cook,  M.  T. 

The  Diseases  of  Tropical  Plants,  1913,  11.  (31,  241) 

Hollrung,  M. 

Die  Mittel  zur  Bekampfung  der  Pflanzenkrankheiten,  Berlin,  1914,  2 ed., 
rev.  and  enl.,  8.  (31,  745) 

McCallum,  W.  B. 

Ariz.  Sta.  Bui.  60.  (22,  53) 

McCue,  C.  A. 

Del.  Sta.  Bui.  98.  (28,  449) 

van  Hall-de  Jonge,  A.  E. 

Dept.  Landb.  Suriname  Bui.  22.  (22,  549) 

Vermorel,  V.,  and  Dantony,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  24,  745.  (30,  153) 

Notes  sur  les  Preparations  Insecticides,  Fongicides  et  Bouillies  Mouillantes, 
Montpellier  and  Villefranche,  1914.  (31,  153) 

Vivarelli,  L. 

Rivista  (Conegliano),  4 ser.,  16  (1910),  11,  249;  12,  277;  13,  296.  (23,  747) 

Whetzel,  H.  H. 

N.  Y.  (Cornell)  Sta.  Circ.  2.  (20,  551) 
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(Anon.) 

Insect  Pest  and  Plant  Disease  Bur.  Nebr.  Bui.  1.  (21.  645) 

BORDEAUX 

Preparation  and  Application — 

Me  Alpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  2,  728.  (24,  555) 

O’Gara,  P.  J. 

Rogue  River  Fruit  Grower,  1 (1909),  7,  1.  (22,  249) 

Quanjer,  H.  M. 

Tijdschr.  Plantenziekten,  16  (1910),  1-2,  16.  (23,  355) 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  16  (1910),  10,  793.  (22,  653) 

van  der  Zande,  K.  H.  M.,  and  Lagers,  G.  H.  G. 

Tijdschr.  Plantenziekten,  16  (1910),  1-2,  32.  (23,  356) 

Vermorel,  V.,  and  Dantony,  E. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  24,  745.  (30,  153) 

Chemistry — 

Barker,  B.  T.  P.,  and  Gimingham,  C.  T. 

Jour.  Agr.  Sci.,  4 (1911),  1,  76.  (25,  458) 

Bell,  J.  M.,  and  Taber,  W.  C. 

Jour.  Phys.  Chem.,  11  (1907),  8,  632.  (22,  456) 

Gimingham,  C.  T. 

Chem.  World,  1 (1912),  11,  363.  (28,  552) 

Kolliker,  A. 

Ztschr.  Pflanzenkrank.,  19  (1909),  7,  385.  (22,  549) 

Pickering,  S.  U. 

Jour.  Agr.  Sci..  3 (1909),  2,  171.  (22,  455) 

Adhesive  and  Spreading  Qualities — 

Lutman,  B.  F. 

Phytopath.,  2 (1912),  1,  32.  (27,  154) 

Marescalchi,  A. 

Coltivatore,  55  (1909),  17,  531.  (22,  454) 

Injury  Resulting — 

Dandeno,  J.  B. 

Rpt.  Mich.  Acad.  Sci.,  11  (1909),  30.  (23,  252) 

Groth,  B.  H.  A. 

N.  J.  Sta.  Bui.  232.  (24,  156) 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  17  (1910),  2,  103.  (23,  554) 

Scott,  W.  M. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  54.  (23,  51) 

Stone,  G.  E. 

Mass.  Sta.  Rpt.  1909,  pt.  2,  46.  (24,  253) 
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Compared  with  Other  Fungicides — 

Foglesong,  L.  E. 

Trans.  111.  Hort.  Soc.,  n.  ser.,  43  (1909),  365.  (23,  745) 

Pantanelli,  E. 

Staz.  Sper.  Agr.  Ital.,  46  (1913),  5,  329.  (31,  843) 

Scott,  W.  M. 

Va.  Sta.  Bui.  188.  (23,  352) 

Stewart,  F.  C.,  and  French,' G.  T. 

Phytopath.,  2 (1912),  1,  45.  (27,  151) 

Watkins,  O.  S. 

Address  55th  Annual  Convention  111.  State  Hort.  Soc.  (Kinmundy)  1911 
(25,  146) 

Miscellaneous — 

Crandall,  C.  S. 

111.  Sta.  Bui.  135.  (21,  547) 

Dandeno,  J.  B. 

Rpt.  Mich.  Acad.  Sci.,  10  (1908),  58.  (21,  340) 

Hawkins,  L.  A. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  35  (1914),  3,  72;  5,  142;  7,  210.  (31,  50) 
Jones,  L.  R.,  and  Giddings,  N.  J. 

Vt.  Sta.  Bui.  142.  (21,  549) 

Kirchner,  O. 

Ztschr.  Pflanzenkrank.,  18  (1908),  2,  65.  (21,  147) 

Rorer,  J.  B. 

Bui.  Dept.  Agr.  Trinidad,  9 (1910),  64,  10.  (23,  455) 

Stewart,  F.  C.,  et  al. 

N.  Y.  (Geneva)  Sta.  Bui.  323.  (23,  449) 

COPPER  FUNGICIDES  OTHER  THAN  BORDEAUX 
Preparation  and  Application — 

Chappaz,  G. 

. Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  33  (1912),  12,  353.  (27,  254) 

Scherpe,  R. 

Min.  Bl.  K.  Preuss.  Verwalt.  Landw.,  Domanen  u.  Forsten,  8 (1912),  7,  219. 
(28,  247) 

Sharples,  A. 

Agr.  Bui.  Fed.  Malay  States,  1 (1913),  11,  392.  (29,  651) 

Chemistry — 

Campbell,  C. 

Riv.  Patol.  Veg.,  6 (1912),  15,  225.  (28,  552) 

Adhesive  and  Spreading  Qualities — 

Dejeanne,  A. 

Rev.  Vit.,  33  (1910),  863,  701.  (24,  51) 
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Injury  Resulting — 

Ewert,  R. 

Ztschr.  Pflanzenkrank..  22  (1912),  5,  257.  (28,  247) 

D’Ippolito,  G. 

Staz.  Sper.  Agr.  Ital.,  43  (1910),  10,  735.  (25,  548) 

(Anon.) 

Jour.  Bd.  Agr.  (London),  19  (1912),  9,  751.  (28,  648) 

Compared  with  Other  Fungicides — 

Biusine 

Engrais,  24  (1910),  13,  355.  (21,  54) 

Chuard,  E. 

Terre  Vaud.,  2 (1910),  18.  205.  (23,  453) 

Marescalchi,  A. 

Coltivatore,  55  (1909),  17,  531.  (22,454) 

Perrin,  G. 

Bui.  Soc.  Nat.  Agr.  France,  69  (1909),  10.  890.  (23,  253) 

Miscellaneous — 

de  Jaczewski,  A. 

1 Cong.  Internat.  Pathol.  Camparee  (Paris),  1912,  2,  Comp.  Rend.,  948. 
(31,  841) 

Malvezin,  P. 

Bui.  Soc.  Chim.  France,  4 ser.,  5 (1909),  23,  1096.  (22,  457) 

Vermorel,  V.,  and  Dantony,  E. 

Compt.  Rend.  Acad.  Sci.  (Paris),  152  (1911),  19,  1263.  (25,  459) 

LIME  SULFUR 
Preparation  and  Application — 

Burgess,  W.  B. 

Jour.  Southeast  Agr.  Col.  Wye,  1910,  19.  61.  (25,  755) 

Manaresi,  A. 

Agr.  Mod.  (Milan),  19  (1913),  23,  271.  (31,  749) 

Me  Alpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  2,  728.  (24,  555) 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  17  (1910),  3,  184.  (23,  655) 

Stewart,  J.  P. 

Proc.  State  Hort.  Soc.  Pa.,  52  (1911),  176.  (25,  353) 

Injury  Resulting — 

Safro,  V.  I. 

Ore.  Sta.  Research  Bui.  2.  (30,  152) 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  17  (1911),  11,  881.  (24,  745) 

Wallace,  E. 

N.  Y.  (Cornell)  Sta.  Bui.  288.  (25,  47) 
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Compared  with  Other  Fungicides — 

Foglesong,  L.  E. 

Trans.  111.  Hort.  Soc.,  n.  ser.,  43  (1909),  365.  (23.  745) 

Pantanelli,  E. 

Staz.  Sper.  Agr.  Ital.,  46  (1913),  5,  329.  (31,  843) 

Scott,  W.  M. 

Address  55th  Annual  Convention  111.  State  Hort.  Soc.  (Kinmundy),  1911 
(25,  147) 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  54.  (23,  51) 

Va.  Sta.  Bui.  188.  (23,  352) 

Stewart,  F.  C.,  and  French,  G.  T. 

Phytopath.,  2 (1912),  1,  45.  (27,  151) 

Tetzner 

Deut.  Obstbau  Ztg.,  1910,  14,  179.  (23,  554) 

Wallace,  E. 

N.  Y.  (Cornell)  Sta.  Bui.  289.  (25,  48) 

Watkins,  O.  S. 

Address  55th  Annual  Convention  111.  State  Hort.  Soc.  (Kinmundy)  1911 
(25,  146) 

Miscellaneous — 

American  Pomological  Society 

Proc.  Amer.  Pomol.  Soc.,  1909.  112.  (24,  653) 

Cadoret,  A. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  33  (1912),  49,  716.  (28,  652) 

Clinton,  G.  P.,  and  Britton,  W.  E. 

Conn.  State  Sta.  Rpt.  1909-10,  pt.  7,  583.  (24,  553) 

Savastano,  L. 

Bol.  Arbor.  Ital.,  7 (1911),  3-4,  193.  (28,  247) 


R.  Staz.  Sper.  Agrum.  e Fruitticol.  Acireale,  Bol.  5 (1912).  (27,  253) 

Scott,  W.  M. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  27.  (21,  149) 

Shutt,  F.  T. 

Canada  Expt.  Farms  Rpts.  1907,  165.  (21,  341) 

Wallace,  E.,  Blodgett,  F.  M.,  and  Hesler,  L.  R. 

N.  Y.  (Cornell)  Sta.  Bui.  290. 

Whetzel,  H.  H. 

Reprint  from  Proc.  N.  Y.  State  Fruit  Growers’  Assoc.,  9 (1910),  31 
(23,  655) 

SOIL  DISINFECTANTS 

Bellair,  G. 

Rev.  Hort.  (Paris).  81  (1909),  23,  555.  (22,  549) 


Gilchrist,  D.  A. 

County  Northumb.  Ed.  Com.  Bui.  21  (1914),  84.  (31,  842)  See  also  Exp 

Sta.  Rec.,  29,  752. 

Hartley,  C. 

Phytopath..  2 (1912),  2,  99.  (27,  655) 

Johnson,  J. 

Wis.  Sta.  Research  Bui.  31  (1914).  (30,  846) 

Rolet,  A. 

Jour.  Agr.  Prat.,  n.  ser.,  27  (1914),  3,  89  (31,  248) 

Winston,  J.  R. 

Phytopath.,  3 (1913),  1.  74.  (29,  645) 

SULFUR 

Juritz,  C.  F. 

Agr.  Jour.  Cape  Good  Hope,  33  (1908),  6,  719.  (20,  951) 

Marcille,  R. 

Compt.  Rend.  Acad.  Sci.  (Paris),  152  (1911),  12,  780.  (25,  351) 

(Anon.) 

Jour.  Bd.  Agr.  (London),  21  (1914),  3,  236;  noted  in  Agr.  News  (Barbados), 
13  ( 1914),  320,  254.  (31.  846) 
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BY 
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Preface 


The  aim  in  the  preparation  of  this  bibliography  is  merely  to  present  a list 
of  non-parasitic  diseases  of  plants  with  reference  to  the  more  important  litera- 
ture on  these  diseases.  The  list  includes  those  diseases  in  which  no  parasites 
have  been  found  and  some  diseases — e.  g.,  gummosis — in  which  there  is  some 
question  as  to  whether  the  cause  is  or  is  not  a parasite. 

The  diseases  are  listed  under  the  common  names  of  the  plants  upon  which 
they  occur,  and  the  names  of  these  plants  are  arranged  alphabetically.  Where 
a disease  occurs  upon  several  different  plants, — e.  g.,  chlorosis,  mosaic, — it  is 
also  given  a separate  heading,  and  placed  in  its  alphabetical  position.  Plant 
injuries  are  also  arranged  in  this  way. 

Owing  to  the  confusion  in  the  naming  of  some  of  the  so-called  physiologi- 
cal diseases  and  to  the  lack  of  definite  knowledge  concerning  them,  it  is  probable 
that  the  same  disease  in  some  instances  occurs  under  two  different  names;  how- 
ever, it  seems  better  to  err  in  this  way  than  to  risk  the  grouping  together  of 
distinct  diseases  as  one.  The  names  here  used  for  the  diseases  are  those  found 
in  the  original  publication. 

This  list  of  diseases  and  literature  is  complete  up  to  and  including  the  year 
1914  in  so  far  as  it  has  been  possible  to  make  it.  Free  use  has  been  made  of 
a bibliography  of  non-parasitic  diseases  of  plants  published  by  Dr.  George  E. 
Stone  in  the  17th  Annual  Report  (1905)  of  the  Hatch  Experiment  Station  of 
Massachusetts  and  of  the  reviews  in  the  Experiment  Station  Record. 


A BIBLIOGRAPHY  OF  NON-PARASITIC 
DISEASES  OF  PLANTS 


By  CYRUS  W.  LANTZ,  Assistant  in  Botany 


APPLE 

Baldwin  Fruit  Spot 

Sturgis,  W.  C. 

Conn.  Sta.  Rpt.,  21  (1897),  171. 

(See  also  Fruit  Spot.) 

Bitter  Pit 

Evans,  I.  B.  P. 

Transvaal  Dept.  Agr.  Tech.  Bui.  1 (1910),  18. 


Union  South  Africa  Tech.  Bui.  2 (1911),  1-18. 
Ewart,  A.  J. 

Proc.  Roy.  Soc.  Victoria,  n.  ser.,  24  (1911),  2,  367-419. 
Farmer,  J.  B. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1907,  6,  250. 
Lounsbury,  C.  P. 

Agr.  Jour.  Cape  Good  Hope,  37  (1910),  2,  150-173. 
McAlpine,  D. 

Jour.  Dept.  Agr.  Victoria,  8 (1910),  4,  201-202. 


Jour.  New  Zeal.  Dept.  Agr.,  5 (1912),  2,  139. 


Prog.  Rpt.  Bitter  Pit  Invest.  (Australia),  1 (1911-12),  197;  abs.  in  Bot 
Centbl.,  122  (1913),  18,  431. 

Quinn,  G. 

Jour.  Agr.  and  Indus.  So.  Aust.,  8 (1905),  6,  305-309. 

White,  J. 

Proc.  Roy.  Soc.  Victoria  (reprint),  n.  ser.,  24  (1911),  1,  19. 


Collar  Blight 


Waite,  M.  B. 

Rpt.  W.  Va.  Bd.  Agr.,  1912,  25,  66-74. 


Frost  Injury 

Jones,  L.  R. 

Vt.  Sta.  Bui.  49  (1895). 

Stewart,  F.  C. 

N.  Y.  (Geneva)  Sta.  Bui.  220  (1902). 

(81) 
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Fruit  Spot 

Brooks,  C. 

N.  H.  Sta.  Sci.  Contrib.  2,  423-456;  Bui.  Torrey  Bot.  Club,  35  (1908).,  9, 
423-456. 


Phytopath..  3 (1913),  4,  249-250. 

Jones,  L.  R.,  and  Orton,  W.  A. 

Vt.  Sta.  Rpt.  1899,  159-164. 

Scott,  W.  M. 

Phytopath.,  1 (1911),  1,  32-34. 

Stakman,  E.  C.,  and  Rose,  R.  C. 

Phytopath.,  4 (1914),  4,  333-335. 

Stewart,  F.  C. 

N.  Y.  (Geneva)  Sta.  Bui.  164  (1899). 
WORTMAN,  J. 

Landw.  Jahrb.,  21  (1892),  663-675. 

(See  also  Jonathan  Fruit  Spot.) 

Jonathan  Fruit  Spot 

Beach  and  Clark 

N.  Y.  (Geneva)  , Sta.  Bui.  248  (1904). 

Cook,  M.  T.,  and  Martin,  G.  W. 

Phytopath.,  4 (1914),  2,  102-103. 


Phytopath.,  3 (1913),  2,  119-120. 

Norton,  J.  B.  S. 

Phytopath.,  3 (1913),  2,  99-100. 

Scott,  W.  M.,  and  Roberts,  J.  W. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  112  (1913). 
(See  also  Fruit  Spot.) 

Rosette 

( ) 

Colo.  Sta.  Bui.  69  (1902). 

Scald 

Jones,  L.  R. 

Vt.  Sta.  Rpt.  1896-97,  55-59. 

Spray  Injury 

Eustace,  H.  J. 

Science,  n.  ser.,  21  (1905),  548.  994-995. 

Morse,  W.  J. 

Me.  Sta.  Bui.  223  (1914). 

Stewart,  F.  C.,  and  Eustace,  H.  J. 

N.  Y.  (Geneva)  Sta.  Bui.  220  (1902) 

Swingle,  D.  B.,  and  Morris,  H.  E. 

Phytopath..  1 (1911),  3.  79-93 


Waite,  M.  B. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  58  (1910). 

Water  Core 

Bothe,  R. 

Deut.  Obstbau  Ztg.,  1912,  1,  16;  abs.  in  Centbl.  Bakt.,  2 Abt.,  35  (1912), 
20-24,  544. 

Norton,  J.  B.  S. 

Phytopath..  1 (1911),  4,  126-128. 

O’Gara,  P.  J. 

Off.  Path.  Rogue  River  Valley  (Ore.)  Bui.  9 (1912),  8 


Phytopath.,  3 (1913),  2,  121-128. 

Reiche,  H. 

Deut.  Obstbau  Ztg.,  1912,  1,  16-17;  abs.  in  Centbl.  Bakt.,  2 Abt.,  35  (1912), 
20-40,  544. 


APRICOT 

Leaf  Scorch,  or  Sunburn 


Toumey,  J.  W 

Ariz.  Sta  Rpt.  1898,  163-165 


ASTER  (China) 


Yellows 


Smith,  R.  E. 

Mass.  (Hatch)  Sta.  Bui.  79  (1902). 


BEET 

Curly  Top 

Arthur,  J.  C. 

Proc.  Amer.  Assoc.  Adv.  Sci.,  38  (1899),  280. 

and  Golden,  Katherine 

Proc.  Ind.  Acad.  Sci.,  1891,  92 
Ball,  E.  D. 

U.  S.  Dept.  Agr.,  Bur.  Ent.  Bui.  66  (1909),  pt.  4. 
Bunzel,  H.  H. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  277  (1913). 


U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  238  (1912). 


Biochem.  Ztschr.,  50  (1913),  3-4,  185-208 
Cunningham,  Clara  A. 

Bot.  Gaz.,  28  (1899),  177-191. 

Lapham,  M.  H.,  and  Heilmann,  W.  H. 

U.  S.  Dept.  Agr.  Soil  Survey  of  Lower  Salinas  Valley,  Cal.,  1901,  56. 
Shaw,  H.  B. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  181  (1910). 
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Townsend,  C.  O. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  122  (1908). 


U.  S.  Dept.  Agr.  Rpt.  72  (1902),  93-95. 

Heart  Rot 

Busse,  W.  R.,  and  Ulrich,  P. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  1909,  8,  24-25. 
Kruger,  W. 

Bl.  Zuckerrubenbau,  16  (1909),  24,  369-373. 

Leaf  Scorch 

Stewart,  F.  C. 

N.  Y.  (Geneva)  Sta.  Bui.  162  (1899). 


Tumor 

Reinelt,  J. 

Bl.  Zuckerrubenbau,  16  (1909),  21,  328-330;  abs.  in  Centbl.  Bakt.,  2 Abt., 
26  (1910),  16-17,  479. 


Bl.  Zuckerrubenbau,  16  (1909),  5,  68-73;  6,  81-87. 
Spisar,  K. 

Ztschr.  Zuckerindus.  Bohmen,  34  (1910),  11,  629-634. 


CASSAVA 

Leaf  Curl 

Zimmerman,  A. 

Pflanzer.,  2 (1906),  10,  145;  abs.  in  Centbl.  Bakt.,  2 Abt.,  18  (1907),  10-12, 
366-367. 


CAULIFLOWER 


Leaf  Scorch 


Stewart,  F.  C. 

N.  Y.  (Geneva)  Sta.  Bui.  162  (1899). 


CELERY 

Pithiness 

Austin,  C.  F.,  and  White,  T.  W. 

Md.  Sta.  Bui.  93  (1904). 

Garcia,  F. 

N.  Mex.  Sta.  Rpt.  1904,  27. 

Sandsten,  E.  P.,  and  White,  T.  W. 

Md.  Sta.  Bui.  83  (1902). 


CEREAL 

General 


Riehm,  E. 

Centbl.  Bakt.,  2 Abt,  39  (1913),  4-7,  81-107. 
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Brusone  and  Blight  of  Rice 


Brizi,  U. 

Ann.  1st.  Agr.  (Milan),  7 (1905-06),  107-174. 


Ann.  1st.  Agr.  (Milan),  5 (1901-04),  77-95. 


Agr.  Mod.,  11  (1905),  380,  394,  452;  abs.  in  Centbl.  Bakt..  2 Abt.,  15  (1906), 
21,  653-654. 

D’ Almeida,  J.  V. 

Rev.  Agron.  (Portugal),  5 (1907),  8,  242-247. 

Farneti,  R. 

Atti  Cong.  Risicolo  Internat.,  3 (1906),  79-101. 

Hewitt,  J.  L. 

Ark.  Sta.  Bui.  110  (1912). 

Foot  Disease 

Robert,  E. 

Jour.  Agr.  Prat.,  n.  ser..  26  (1913),  49,  715-716. 


Frost  Injury 

Sorauer,  P. 

Landw.  Jahrb.,  32  (1903),  1,  1-68. 

Zimmerman,  H. 

Ztschr.  Pflanzenkrank.,  23  (1913),  6,  332-334. 

Yellows  of  Oats 

Clausen,  H. 

Mitt.  Deut.  Landw.  Gesell..  25  (1910),  44,  631-639. 

Zapal 

Vassiliev,  T. 

Khoziaistvo.,  7 (1912),  26,  864-872;  27,  903-909;  abs.  in  Internat.  Inst.  Agr. 
(Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Diseases,  3 (1912),  10,  2301-2303. 
(See  also  Smoke.) 

CHERRY 

Leaf  Scorch 

Barss,  H.  P. 

Ore.  Sta.  Bien.  Crop  Pest  and  Hort.  Rpt.  1911-12,  198-217. 

Gummosis 

Mikosch,  K. 

Sitzber.  K.  Akad.  Wiss.  (Vienna),  Math.  Naturw.  Kl.,  115  (1906),  6,  911-961. 
Sorauer,  P. 

Landw.  Jahrb.,  39  (1910),  2,  259-298. 


Landw.  Jahrb.,  42  (1912),  5,  719-750. 
(See  also  Cauliflower.) 
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CHLOROSIS 

General 

Baur,  E. 

Ber.  Deut.  Bot.  Gesell.,  26a  (1908),  9,  711-713. 

Dementjew,  A. 

Ann.  Sci.  Agron.,  2 ser..  2 (1904),  1,  63-81. 

Hasselbring,  H. 

Bot.  Gaz.,  41  (1906),  361. 

Hoc,  P. 

Prog.  Agr.  et  Vit.  (Ed  l’Est-Centre),  33  (1912),  36,  312-313. 

Maze,  P.,  Ruot,  M.,  and  Lemoigne,  M. 

Compt.  Rend.  Acad.  Sci.  (Paris),  155  (1912),  7,  435-437;  abs.  in  Chem. 
Centbl.,  2 (1912),  17,  1490. 


Compt.  Rend.  Acad.  Sci.  (Paris).  157  (1913),  12,  495-498. 
Provost-Dumarchais,  G. 

Jour.  Agr.  Prat.,  n.  ser.,  22  (1911),  46,  616-617 
Riviere,  G.,  and  Bailhache,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre).  31  (1910),  15,  453-454. 


Jour.  Soc.  Nat.  Hort.  France,  4 ser  . 14  (1913),  287-288. 

Verneuil,  A.,  and  Lafond,  R. 

Rev.  Vit.,  36  (1911),  927,  321-326. 

(See  also  Citrus  Fruits,  Grape,  Maize,  Mallow,  Pear,  and  Sugar  Cane.) 


CITRUS  FRUITS 

General 

Rolfs,  P.  H.,  Fawcett,  H.  S.,  and  Floyd,  B.  F. 

Fla.  Sta.  Bui.  108  (1911). 

Swingle,  W.  T.,  and  Webber,  H.  J. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.  Bui.  8 (1896). 


Hume,  H.  H. 

Fla.  Sta.  Bui.  53  (1900). 


Blight 


Brown  Spot  of  Orange 


Coit,  J.  E. 

Cal.  Cult,  37  (1911),  3,  51-52. 


Chlorosis 

Averna-Sacca,  R. 

Bol.  Agr.  (Sao  Paulo),  13  ser,  1912,  2,  129-150. 
Floyd,  B.  F. 

Fla.  Sta.  Rpt.  1909,  68. 
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Lipman,  C.  B.,  and  Snowden,  R.  R. 

Pacific  Rural  Press,  81  (1911),  21,  412;  24,  472-473. 

Collar  Rot 

Fuller,  C. 

Agr.  Jour,  and  Misc.  Rec.,  6 (1903),  5,  150-151 
Dieback,  or  Exanthema 

Brittlebank,  C.  C. 

Jour.  Dept.  Agr.  Victoria,  10  (1912),  7,  401-404. 
Butler,  O. 

Ann.  Bot.,  25  (1911),  97,  141. 

Essig,  E.  O. 

Pomona  Col.  Jour.  Econ.  Bot.,  1 (1911),  2,  73-82. 
Floyd,  B.  F. 

Fla.  Sta.  Rpt.  1912,  102. 


Fla.  Sta.  Rpt.  1910,  56-68. 

Hume,  H.  H. 

Fla.  Sta.  Bui.  53  (1900). 

Lipman,  C.  B. 

Science,  n.  ser.,  39  (1914),  1011,  728-730. 

Mills,  J.  W. 

Cal.  Sta.  Bui.  138  (1902). 

Gummosis,  Foot  Rot,  Mai  di  Gomma 

Bertoni,  M.  S. 

Agronomia  (Puerto  Bertoni),  5 (1911),  2,  77-89. 


Agronomia  (Puerto  Bertoni),  5 (1913),  3-4,  93-97. 
Call,  A.  F. 

Proc.  Fruit  Growers’  Conv.  Cal.,  37  (1910),  66-71. 
Fawcett,  H.  S. 

Mo.  Bui.  Com.  Hort.  Cal.,  1 (1912),  5,  147-156. 


Abs.  in  Phytopath.,  4 (1914),  1,  54. 

and  Burger,  O.  F. 

Mycol.,  3 (1911),  3,  151-153. 

Floyd,  B.  F. 

Abs.  in-  Phytopath.,  4 (1914),  1,  53. 
Hume,  H.  H. 

Fla.  Sta.  Bui.  53  (1900). 

Mills,  J.  W. 

Cal.  Sta.  Bui.  138  (1902). 
Savastano,  L.,  and  Majmone,  B. 

Bol.  Arbor.  Ital.,  5 (1909),  2,  68-73. 


Melanose 


Floyd,  B.  F. 

Fla.  Sta.  Rpt.  1910,  56-68. 

and  Stevens,  H.  E. 

Fla.  Sta.  Bui.  Ill  (1912). 

Hume,  H.  H. 

Fla.  Sta.  Bui.  53  (1900). 


Savastano,  L. 

Bol.  Arbor.  Ital.,  5 


Splitting  of  Oranges 
(1909),  2,  83-87. 


Yellow  Spotting 


Floyd,  B.  F. 

Proc.  Fla.  State  Hort.  Soc,  22  (1909),  88-93. 


Fla.  Sta.  Rpt.  1910,  56-68. 
Thomas,  E.  E. 

Cal.  Sta.  Circ.  85  (1912). 


COTTON 

General 

Atkinson,  G.  F. 

U.  S.  Dept.  Agr.  Bui.  33  (1896). 

Hibbard,  R.  P. 

Miss.  Sta.  Buis.  140  (1910),  HOB  (1910). 

Brunissure 

Maige,  A.,  and  Nicolas,  G. 

Bui.  Soc.  Hist.  Nat.  Afrique  Nord.,  2 (1910),  4,  65-68. 


Kranzlin,  G. 
Pflanzer.  6 


Curly  Leaf 

(1910),  9-10,  129-145;  11-12,  161-170. 


Pflanzer,  7 (1911),  6,  327-329. 

Thiele,  R. 

Ztschr.  Pflanzenkrank.,  23  (1913),  4,  198-201. 


Atkinson,  G.  F. 

Ala.  Sta.  Bui.  36  (1892). 


Red  Leaf  Blight 


Rust 

Atkinson,  G.  F. 

Ala.  Sta.  Bui.  27  (1891). 

Duggar,  J.  F. 

Ala.  Sta.  Buis.  76,  78,  89,  101,  102. 
Earle,  F.  S. 

Ala.  Sta.  Bui.  99  (1898). 


89 

Shedding  of  Bolls 


Hibbard,  R.  P. 

Miss.  Sta.  Buis.  140  (1910),  HOB  (1910). 


Tomosis 


Cook,  O.  F. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  120. 


Atkinson,  G.  F. 

Ala.  Sta.  Bui.  36  (1892). 


Yellow  Leaf  Blight 


CRANBERRY 

Blossom  Blight 

Shear,  C.  L. 

Proc.  Wis.  Cranberry  Growers’  Assoc..  22  (1909),  4-7. 


CUCUMBER 


Leaf  Curl 


Stone,  G.  E. 

Mass.  (Hatch)  Sta.  Bui.  87  (1903). 


Stone,  G.  E. 

Mass.  Sta.  Rpt.  1909,  pt.  1,  163. 


Mosaic 


Stem  Curl 

Stone,  G.  E. 

Mass.  (Hatch)  Sta.  Bui.  87  (1903). 

Wilt 

Stone,  G.  E. 

Mass.  (Hatch)  Sta.  Bui.  87  (1903). 


DAFFODIL 

Yellow  Stripe 

Darlington,  H.  R. 

Tour.  Roy.  Hort.  Soc.  (London),  34  (1908),  2,  161-166. 

ELECTRICAL  INJURY 

General 

Cromie,  G.  A. 

Sci.  Amer.  Sup.,  77  (1914),  1985,  36-37. 

McDougall,  D.  T. 

Jour.  N.  Y.  Bot.  Gard.,  3 (1902),  31,  131-135. 

Start,  E.  A.,  Stone,  G.  E.,  and  Fernald,  H.  T. 

Mass.  Sta.  Bui.  125  (1908). 

Stone,  G.  E. 

Mass.  Sta.  Bui.  91  (1903). 
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Stone,  G.  E. 

Mass.  Sta.  Rpt.  1904,  7-34. 

and  Chapman,  G.  H. 

Mass.  Sta.  Rpt.  1911,  pt.  1,  144-176. 

Wolff,  F. 

Naturw.  Ztschr.  Land  u.  Forstw.,  5 (1907),  9,  425-471. 

FROST  INJURY 

General 

Blackman,  F.  F. 

New  Phytol , 8 (1909),  9-10,  354-363. 

Blake,  M.  A.,  arid  Farley,  A,  J. 

N.  J.  Sta.  Rpt.  1912,  78-85. 

Butters,  F.  K.,  and  Rosendahl,  C.  O. 

Minn.  Bot.  Studies,  4 (1911),  pt.  2,  153-159. 


Science,  n..ser  , 33  (1911),  842,  261. 

Chittenden,  F.  J. 

Jour.  Roy.  Hort.  Soc.  (London),  36  (1910),  2,  358-404. 

Clement,  F.  M. 

Ann.  Rpt.  Quebec  Soc.  Protect.  Plants,  5 (1912-13),  24-26. 

Crandall,  C.  S. 

Colo.  Sta.  Bui.  41  (1898). 

Elwes,  H.  J. 

Quart.  Jour.  Forestry.  1 (1907),  2,  169-179. 

Frazer,  C. 

Country  Gentleman.  79  (1914),  8,  360-392. 

Friedrich,  J. 

Centbl.  Gesam.  Forstw.,  33  (1907),  5,  185-192. 

Hartley,  C.  P. 

Forest.  Club  Ann.  (Univ.  Nebr.),  4 (1912),  39-50. 

Hedgecock,  G.  G. 

Phytopath.,  3 (1913),  2,  111-114. 

Torreya,  12  (1912),  2,  25-30. 

Lustner,  G. 

Deut.  Obstbau  Ztg.,  1911,  4,  233-236. 

Massee,  G. 

Roy.  Bot.  Gard.  Kew,  Bui.  Misc.  Inform.,  1909,  2,  53-55. 

Maximow,  N.  A. 

Jahrb.  Wis.  Bot.  (Pringsheim) , 53  (1914),  3,  327-420. 

Molisch,  H. 

Schr.  Ver.  Naturw.  Kenntnisse  Wien,  51  (1910-11),  141-176;  abs.  in  Bot. 
Centbl..  119  (1912),  16,  404-405. 

Noack,  F. 

Ztschr.  Pflanzenkrank.,  15  (1905).  1,  29-43. 
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Ohlweiler,  W.  W. 

Mo.  Bot.  Gard.  Ann.  Rpt.,  23  (1912),  101-131. 
SOLEREDER,  H. 

Centbl.  Bakt.,  2 Abt.,  12  (1904),  6-8,  253-262. 
SORAUER,  P. 

Ztschr.  Pflanzenkrank.,  12  (1902),  44-47. 


Ztschr.  Pflanzenkrank.,  24  (1914),  2,  65-76. 


Naturwissenschaften,  1 (1913),  44,  1055-1058;  45,  1094-1097. 

Stone,  G.  E. 

Mass.  Sta.  Rpt.  1911,  pt.  1,  110-114. 

and  Monahan,  N.  F. 

Mass.  Sta.  Rpt.  1904,  7-34. 

VON  SCHRENK,  H. 

Mo.  Bot.  Gard.  Ann.  Rpt,  18  (1907),  81-83. 

Mo.  Bot.  Gard.  Ann.  Rpt,  16  (1905),  117-120. 

Waldron,  C.  B. 

N.  D.  Sta.  Rpt.  1910,  49-51. 

(See  also  Apple,  Cereal,  Gummosis,  Pear,  Plum,  and  Quince.) 

GRAPE 

General 

Bioletti,  F.  T. 

Pacific  Rural  Press,  78  (1909),  1,  5. 

Butler,  O. 

Cal.  Sta.  Bui.  168  (1905). 

Linsbauer,  L. 

Jahresber.  Ver.  Angew.  Bot,  7 (1909),  112-118. 

Anaheim,  or  California  Vine  Disease 

Butler,  O. 

Mem.  Torrey  Bot.  Club,  14  (1910),  2,  111-153. 

Hoops,  H. 

How  to  make  grape  culture  profitable  in  California,  Wrights,  Cal,  Author, 
1904,  3-8. 

Lounsbury,  C.  P. 

Agr.  Jour.  Cape  Good  Hope.  18  (1901),  2,  90-94. 

Pierce,  N.  B. 

Pacific  Rural  Press,  69  (1905),  5,  78. 


U.  S.  Dept.  Agr,  Farmers’  Bui.  30  (1895). 
Woods,  A.  F. 

Abs.  in  Science,  n.  ser,  13  (1901),  320,  247-248. 
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Brunissure 

Degrully,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  24  (1903),  15,  449-452. 

Ducomet,  V. 

Assoc.  Franc.  Avanc.  Sci.,  32  (1904),  697-707;  abs.  in  Bot.  Centbl.,  98 
(1905),  4,  96-97. 

Ravaz,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  25  (1904),  3,  69-72;  19,  568-569. 


Ann.  £cole  Nat.  Agr.  Montpellier,  n.  ser.,  3 (1903),  2,  145-156;  3,  175-251. 

and  Sicard,  L. 

Compt.  Rend.  Acad.  Sci.  Paris,  136  (1903),  21,  1276-1278. 

Chlorosis 

Bernatsky,  J. 

Bui.  Inst.  Cent.  Ampelol.  Roy.  Hongrois,  1 (1906),  8-9. 


Prog.  Agr.  et  Vit.  (Ed.  l'Est-Centre),  32  (1911),  32,  162-164. 
Chancrin,  E. 

Jour.  Agr.  Prat.,  n.  ser..  23  (1912),  22,  683-686. 

Chauzit,  B. 

Rev.  Vit.,  15  (1901),  393,  718-719. 

Corso,  G. 

Ann.  R.  Staz.  Chim.  Agr.  Sper.  Roma,  2 ser.,  4 (1910),  129-142. 
Guillon,  J.  M.,  and  Brunand,  V. 

Rev.  Vit.,  20  (1903),  513,  437-441;  516,  532-535. 

Mottareale,  G. 

Bol.  R.  Scuola  Sup.  Agr.  Portici,  2 ser.,  1902,  6. 

Pierce,  N.  B. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  2 (1892). 

Ravaz,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l'Est-Centre),  34  (1913),  47,  641-652. 
Vernet,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l'Est-Centre),  25  (1904),  13,  385-386. 

Coulure 

Bioletti,  F.  T. 

Pacific  Rural  Press.  77  (1909),  22,  401. 

Lodeman,  E.  G. 

N.  Y.  (Cornell)  Sta.  Bui.  76  (1894). 

Pierce,  N.  B. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  30  (1895). 


Court-noue 


Barry,  S. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  35  (1914),  5,  146-147. 
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Chappaz,  G. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  18,  554-557. 

Faes,  H. 

Vie  Agr.  et  Rurale,  2 (1913),  27,  14-17. 

Jaccard,  P. 

Arch.  Sci.  Phys.  et  Nat.  (Geneva),  4 ser.,  28  (1909),  11,  519-521;  abs.  in 
Centbl.  Bakt.,  2 Abt,  28  (1910),  9-11,  282-283. 

and  Burnat,  J. 

Rev.  Vit.,  37  (1912),  961,  665-668. 

Kober,  F. 

Abs.  in  Centbl.  Bakt.,  2 Abt.,  35  (1912),  20-24,  551. 


Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  51,  779-781. 
Lamauraux 

Prog.  Agr.  et  Vit.  (Ed.  1’Est-Centre),  34  (1913),  40,  417-421. 
Ravaz,  L. 

Vie  Agr.  et  Rurale.  2 (1913),  27,  10-13. 


Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  20,  616-624. 

Falling  of  Flowers 

Pantanelli,  E. 

Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  18  (1909) 
1,  8,  406-411;  abs.  in  Jour.  Chem.  Soc.  (London),  96  (1909),  560,  II,  513. 

Malnero,  Rougeot,  Folletage 

Lodeman,  E.  G. 

N.  Y.  (Cornell)  Sta.  Bui.  76  (1894). 

Pierce,  N.  B. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  2 (1892). 

Ravaz,  L.,  and  Roos,  L. 

S’rog.  Agr.  et  Vit.  (Ed.  1’Est-Centre),  26  (1905),  39,  363-370;  40,  392-398. 


Compt.  Rend.  Acad.  Sci.  (Paris),  141  (1905),  6,  366-367. 

- Mosaic 

Pa  NT  A NELLI,  E. 

Malpighia,  24  (1912),  5-6,  497-523;  25  (1912),  1,  17-46. 


Pourriture 

Pierce,  N.  B. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  2 (1892). 

Roncet 

Averna-Sacca,  R. 

Atti  R.  1st.  Incorogg.  Napoli,  6 ser.,  62  (1910),  113-143. 

Mameli,  Eva 

Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  22  (1913),  T, 
12,  879-883. 
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Pantanelli,  E. 

Ztschr.  Pflanzenkrank..  23  (1913),  1,  1-34 


Reprint  from  Vit.  Moderna,  17  (1911),  10-11;  Ztschr.  Pflanzenkrank.,  22 
(1912),  1,  1-38. 


Bol.  Min.  Agr.  Indus,  e Com.  (Rome),  ser.  C,  9 (1910),  2,  20-27. 


Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  19  (1910),  I, 
7,  395-405. 


Bol.  Min.  Agr.  Indus,  e Com.  (Rome),  ser.  C,  11  (1912),  2-3,  1-10. 


Staz.  Sper.  Agr.  Ital.,  45  (1912).  4,  249-301. 

Ztschr.  Pflanzenkrank  , 23  (1913),  1,  1-34. 

Pavarino,  L. 

Riv.  Patol.  Veg.,  6 (1913),  6,  164-170;  7,  193-203. 

Petri,  L. 

Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  21  (1912), 
I,  7,  505-511;  abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and 
Plant  Diseases,  3 (1912),  6,  1445. 


Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  21  (1912), 
II,  1,  113-119;  abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and 
Plant  Diseases,  3 (1912),  9,  2091-2093. 


Atti  R.  Accad.  Lincei,  Rend.  Cl.  Sci.  Fis.,  Mat.  e Nat.,  5 ser.,  23  (1914), 
I,  3,  154-161. 

Spray  Injury 

Muth,  F. 

Jahresber.  Ver.  Angew.  Bot..  9 (1911),  218-240. 


Mitt.  Deut.  Weinbau  Ver.,  1 (1906),  1,  9-18;  abs.  in  Bot.  Centbl.,  105 
(1907),  28,  26-27. 

Sun  Scald  and  Scorching 

Pacottet,  P. 

Rev.  Vit.,  32  (1909),  813,  57-60. 

Ravaz,  L. 

Prog.  Agr.  et  Vit.  (Ed.  l’Est-Centre),  34  (1913),  28,  33-35. 

GUMMOSIS 

General 

Beyerinck,  M.  W.,  and  Rant,  A. 

Centbl.  Bakt.,  2 Abt.,  15  (1905-06),  366-375. 

Butler,  O. 

Ann.  Bot.,  25  (1911),  97,  107-153. 
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Call,  A.  F. 

Proc.  Fruit  Growers’  Conv.  Cal.,  37  (1910),  66-71 
UK  Bussy,  L.  P. 

Meded.  Deli-Proefstat.  Medan.  6 (1911),  2,  77-89. 
I'  A WCETT,  H.  S. 

Phytopath.,  3 (1913),  3,  194-195 


Cal.  Cult..  42  (1914),  4,  99-102. 

Griffin,  F.  L. 

Science,  n.  ser  . 34  (1911),  879,  615-616 
Gruss,  J. 

Jahrb.  Wiss.  Bot,  47  (1909-10),  393-430 

— and  Sorauer,  P. 

Notizbl.  K.  Bot.  Gartens  u.  Mus.  Berlin,  5 (1910),  47,  188-197. 

Honing,  J.  A. 

Meded.  Deli-Proefstat.  Medan.  6 (1911),  1,  1-30;  7 (1912),  1,  1-11. 

Rant,  A. 

Inaug.  Diss.  Amsterdam,  1906;  abs.  in  Ztschr  Pflanzenkrank.,  17  (1907), 
•3,  179-180. 

Ruhland,  W. 

Ber.  Deut.  Bot.  Gesell.,  25  (1907),  6,  302-315 
Sorauer,  P. 

Landw.  Jahrb.,  41  (1911),  1,  131-162;  42  (1912),  5,  719-750;  abs.  in  Bot 
Gaz.,  54  (1912),  2,  173-174. 

Wolf,  F.  A. 

Plant  World,  15  (1912),  3,  60-66 
Young,  H.  D. 

Phytopath.,  3 (1913),  3,  195-196. 

(See  also  Beet.  Cherry,  Citrus,  Peach,  Pear,  Plum,  Sugar  Cane,  and  Tobacco.) 

HAIL  INJURY 

General 

Phillips,  J.  H. 

Trans.  Acad.  Sci.  St.  Louis,  19  (1910),  3,  49-56. 

Sampson,  H.  C. 

Trans,  and  Proc.  Bot.  Soc.  Edinburgh,  22  (1902),  pt.  2,  254-257. 

Voges,  E. 

Centbl.  Bakt.,  2 Abt.,  36  (1913),  19-25,  532-567. 

Ztschr.  Pflanzenkrank.,  22  (1912),  8,  457-462. 

HEAT  INJURY 

General 


Jones,  L.  R. 

Vt.  Sta.  Rpt.  1900,  281-282 
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Munch,  E. 

Naturw.  Ztschr.  Forst  u.  Landw.,  11  (1913),  12,  557-562. 


Naturw.  Ztschr.  Forst  u.  Landw.,  12  (1914),  4,  169-188. 
von  Tubeuf,  C. 

Naturw.  Ztschr.  Forst  u.  Landw.,  12  (1914),  2,  67-88;  4,  161-169. 


ICE-STORM  INJURY 

General 


Chapman,  H.  H. 

Forestry  and  Irrig.,  8 (1902),  3,  130. 


INTUMESCENCE 


General 


Dale,  E. 

Phil.  Trans.  R.  Soc.  London,  ser.  B,  198  (1906). 


Phil.  Trans.  R.  Soc.  London,  ser.  B,  194  (1901). 


Ztschr.  Pflanzenkrank.,  16  (1906),  232. 

Kuster,  E. 

Ber.  Deut.  Bot.  Gesell.,  21  (1901),  452-458. 
SORAUER,  P. 

Ber.  Deut.  Bot.  Gesell.,  19  (1901),  115-119. 
Trotter,  A. 

Annali  di  Botanica,  1.  (1904),  123-133. 
von  Schrenk,  H. 

Mo.  Bot.  Gard.  Ann.  Rpt.,  16  (1905),  125-148. 
(See  also  Tomato  (Oedema),  Manihot,  and  Potato.) 


LEAF  SCORCH 

(See  Apricot,  Beet,  Cauliflower,  and  Cherry.) 

LETTUCE 

Tipburn 

Stone,  G.  E. 

Mass.  (Hatch)  Sta.  Rpt.  1897,  82-84. 

and  Smith,  R.  E. 

Mass.  (Hatch)  Sta.  Bui.  69  (1900). 

LILY 

...  A _ Bermuda  Lily  Disease 

Woods,  A.  F. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.  Bui.  14  (1897). 

MAIZE 

, , , „ Chlorosis 

Maze,  P. 

Compt.  Rend.  Acad.  Sci.  (Paris),  153  (1911),  19,  902-905. 
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Baur,  E. 

MALLOW 

Chlorosis 

Ber.  Deut.  Bot.  Gesell,  24  (1906),  8,  416-428. 

Sitzber.  K.  Preuss.  Akad.  Wiss.,  1906,  1;  abs.  in  Bot.  Centbl.,  103  (1906), 


2,  21. 

MANIHOT 

CEdema 

Wolf,  F.  A.,  and  Lloyd,  F.  E. 

Phytopath.,  2 (1912),  4,  131-134. 


Fulton,  H.  S. 

Ga.  Sta.  Bui.  57  (1902). 

MELON 

Tipburn 

Sturgis,  W.  C. 

MOSAIC 

General 

Conn.  Sta.  Rpt.  1898,  256-263. 

Vallillo,  G. 

Ztschr.  Infektionskrank.  u.  Hyg.  Haustiere,  9 (1911),  6,  433-479. 
Woods,  A.  F. 

Science,  n.  ser.,  11  (1900),  262,  17-19. 

Centbl.  Bakt.,  2 Abt,  5 (1899),  22,  745. 

(See  also  Beet,  Cucumber,  Peanut,  Pepper,  Tobacco,  and  Tomato.) 


(See  Cereal.) 

OATS 

Norton,  J.  B.  S. 

PEACH 

Crown  Swelling 

Phytopath,  1 (1911),  2,  53-54. 


( ) 

Dropsical  Swelling 

Ohio  Sta.  Bui.  92  (1898). 

Fruit  Crack,  or  Sun  Scald 

Rolfs,  F.  M. 

Mo.  Fruit  Sta.  Bui.  17  (1911). 


Taft,  L.  R. 

Gummosis 

Mich.  Sta.  Rpt.  1896,  123-124. 
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Taft,  L.  R. 

Mich.  Sta.  Rpt.  1897,  96. 


Mich.  Sta.  Bui.  156  (1898). 

Little  Peach 

Blake,  M.  A. 

N.  J.  Sta.  Bui.  226  (1910) 

Caesar,  L. 

Ontario  Dept  Agr.  Bui.  201  ( 1912  ^ 

Taft,  L.  R. 

Mich.  Sta.  Rpt.  1896,  121-122. 


Mich.  Sta.  Bui  156  (1898). 


( 


Mechanical  Injuries 


) 

Ohio  Sta.  Bui.  92  (1898). 


Rosette 

Bogne,  E.  D. 

Okla.  Sta.  Bui.  20  (1896). 

Evans,  P. 

Mo.  Fruit  Sta.  Bui.  11  (1905). 

Johnson,  W.  G. 

Md.  Sta.  Bui.  42  (1896) 

Smith,  E.  F. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  1 (1891). 


U.  S.  Dept.  Agr.  Jour.  Mycol,  6 (1891),  4,  143-148 


U.  S.  Dept.  Agr.  Jour.  Mycol..  7 (1894),  3,  226-232 


U.  S.  Dept.  Agr.,  Farmers’  Bui.  17  (1894). 
Starnes,  H.  N. 

Ga.  Sta.  Bui  42  (1898) 


Spray  Injury 


Bain,  S.  M. 

Tenn.  Sta.  Bui.  15  (1902) 


Science,  n.  ser.,  14  (1901),  221-222;  Bot.  Gaz  . 33  (1902),  244-245. 


Tenn.  Sta.  Bui.  8 (1895). 
Card,  F.  W.,  and  Stene,  A.  E. 

R.  I.  Sta.  Rpt.  1903,  223-224. 
Groth,  B.  H.  A. 

N.  J Sta.  Bui.  232  (1910). 
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Sturgis,  W.  C. 

Conn.  Sta.  Rpt.,  24  (1900),  219-254. 


( ) 

Ohio  Sta.  Bui.  92  (1898) 


Twig  Spots 


Yellows 


Bailey,  L.  H. 

N.  Y.  (Cornell)  Sta.  Bui.  25  (1890). 


N.  Y.  (Cornell)  Sta.  Bui.  75  (1894). 
Beckwith,  M.  H. 

Del.  Sta.  Rpt.  1893,  152-153. 

Blake,  M.  A. 

N.  J.  Sta.  Bui.  226  (1910). 

Butz,  G.  C. 

Pa.  Sta.  Bui.  37  (1896). 

Clinton 

Conn.  Sta.  Rpt.,  31-32  (1907-08),  877 
Corbett,  L.  C. 

W.  Va.  Sta.  Bui.  66  (1900). 

Essig,  E.  O. 

Mo.  Bui.  Com.  Hort.  Cal.,  1 (1912),  8,  337-359 
Hutchins,  E. 

Better  Fruit,  5 (1910),  1,  64-65. 

Johnson,  W.  G. 

Md.  Sta.  Bui.  42  (1896). 

Maynard,  S.  T. 

Mass.  (Hatch)  Sta.  Bui.  8 (1890)-. 

Morse,  E.  W.,  and  Fetzer,  L.  W. 

Abs.  in  Science,  n.  ser.,  35  (1912),  897,  393. 


Bui.  Bussey  Inst.,  3 (1901),  1,  12. 

Phillips,  J.  L. 

Rpt.  State  Ent.  and  Plant  Path.  Va..  7 (1908-09),  56-98. 
Powell,  G.  H. 

Del.  Sta.  Rpt.  1897,  168-173. 

Selby,  A.  D. 

Ohio  Sta.  Bui.  92  (1898). 


Ohio  Sta.  Bui.  104  (1899) 


Smith,  E.  F. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  1 (1891). 


IOO 


Smith,  E.  F. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  17  (1894). 


Rpt.  Chief  of  Section  Veg.  Path.  Washington  1890. 


U.  S.  Dept.  Agr.,  Div.  Veg.  Path.  Bui.  4 (1893). 
Starnes,  H.  N. 

Ga.  Sta.  Bui.  42  (1898). 

Sturgis,  William 

Conn.  Sta.  Bui.  Ill  (1892). 


Conn.  Sta.  Bui.  115  (1893). 

Taft,  L.  R. 

Mich.  Sta.  Bui.  103  (1894). 

Waite,  M.  B. 

Abs.  in  Science,  n.  ser.,  31  (1910),  803,  798-799. 

( ) 

N.  J.  Sta.  Rpt.  1898,  357-359. 

( ) 

N.  J.  Sta.  Rpt.  1899,  417-418. 

( ) 

N.  C.  Sta.  Bui.  92  (1893). 

( ) 

N.  C.  Sta.  Bui.  120  (1895). 


PEANUT 

General 

Rutgers,  A.  A.  L. 

Dept.  Landb.  Nijv.  an  Handel  (Dutch  East  Indies)  Meded.  Afdell.  Plan- 
tenziekten,  1913,  6,  5. 

Zimmerman,  A. 

Pflanzer,  3 (1907),  9,  129-133. 


PEAR 

Chlorosis 

Schellenberg,  H. 

Landw.  Jahrb.  Schweiz,  26  (1912),  6,  432-437. 

Frost  Injury 

Crandall,  C.  S. 

Colo.  Sta.  Bui.  41  (1898). 

Jones,  L.  R. 

Vt.  Sta.  Bui.  49  (1895). 

Smith,  R.  E. 

Mo.  Weather  Rev,  39  (1911),  8,  1257. 
Sturgis,  W.  C. 

Conn.  Sta.  Rpt,  19  (1895),  190. 
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PECAN 

Rosette 

Orton,  W.  A.,  and  Rand,  F.  V. 

Jour.  Agr.  Research,  3 (1914),  2. 

PEPPER 

Mosaic 

Schwarze,  C.  A. 

Abs.  in  Phytopath.,  4 (1914),  1,  42. 


PLUM 

Frost  Cracks  and  Sun  Scald 

Chester,  F.  D. 

Del.  Sta.  Bui.  57  (1902). 

( ) 

Cal.  Sta.  Bui.  41  (1898). 


Gummosis 

Hedrick,  U.  P. 

Ore.  Sta.  Bui.  45  (1897). 

Selby,  A.  D. 

Ohio  Sta.  Bui.  79  (1897). 


Yellows 


Stone,  G.  E. 

Mass.  (Hatch)  Sta.  Rpt.  1903,  35. 


POTATO 

Bruise 

Horne,  A.  S. 

Jour.  Roy.  Hort.  Soc.  (London),  38  (1912),  1,  37-51. 

Internal  Brown  Rot  and  Black  Heart 


Bartholomew,  E.  T. 

Phytopath.,  3 (1913),  3,  180-182. 

Green,  S.  B. 

Minn.  Sta.  Bui.  39  (1894)  ; Bui.  45  (1895). 
Horne,  A.  S. 

Ann.  Mycol.,  7 (1909),  3,  286-288. 

Stewart,  F.  C. 

N.  Y.  (Geneva)  Sta.  Bui.  101 ; Rpt.  1896,  511. 

( ) 

Jour.  Bd.  Agr.  (London),  16  (1909),  8,  647-648. 


Intumescence  and  Hypertrophy 

Douglas,  Gertrude  E. 

Bot.  Gaz.,  43  (1907),  4,  233-250. 

Fucsko,  M. 

Bot.  Kozlem  (Budapest),  11  (1912),  1,  14-29. 


Leaf  Roll 


Appel,  O. 

Jahresber.  Ver.  Angew.  Bot.,  6 (1908),  259-265. 

and  Krutz,  W. 

Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  8 (1909),  15-17. 

and  ScHLUMBERGER,  O. 

Deut.  Landw.  Gesell.,  190  (1911),  102-108. 


Mitt.  K.  Biol.  Anst.  Land  u.  Forstw.,  12  (1912),  14-15. 


Mitt.  K.  Biol.  Anst.  Land  u.  Forstw..  11  (1911),  13-15;  abs.  in  Centbl.  Bakt., 
2 Abt.,  32  (1912),  6-12,  321-322. 


Deut.  Landw.  Gesell.,  190  (1911). 

Bohutinsky-Krizevci,  G. 

Ztschr.  Landw.  Versuchw.  Osterr.  13  (1910),  7,  607-633. 


Monatsh.  Landw  , 2 (1909),  118;  abs  in  Centbl.  Bakt.,  2 Abt.,  24  (1909), 
23-25,  575-576. 

Doby,  G. 

Ztschr.  Pflanzenkrank..  22  (1912),  7,  401-403. 


Ztschr.  Pflanzenkrank.,  21  (1911).  1-2,  10-17. 


Ztschr.  Pflanzenkrank..  22  (1912),  4,  204-211. 


Ztschr.  Pflanzenkrank..  21  (1911),  6,  321-336. 

Fitch,  C.  L. 

Proc.  Soc.  Hort.  Sci.,  9 (1912),  44-51. 

Hedlund,  T. 

Tidski.  Landtman,  31  (1910),  512-515,  532-541;  abs.  in  Bot.  Centbl.,  114 
(1910),  22,  567-568. 

Himmelbaur,  W. 

Osterr.  Ungar.  Ztschr.  Zuckerindus.  u.  Landw.,  41  (1912),  5,  714-716;  6. 
944-976. 

Kock,  G. 

Abs.  in  Centbl.  Bakt.,  2 Abt.,  26  (1910),  25,  697-698. 

and  Kornauth,  K. 

Monatsh.  Landw..  3 (1910),  12,  365-369. 

Ztschr.  Landw.  Versuchw.  Osterr..  14  (1911),  5,  759-805. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  15  (1912),  3,  179-247. 

Kock,  Kornauth,  and  Broz 

Ztschr.  Landw.  Versuchsw.  Osterr.,  16  (1913),  3,  89-140;  Bot:  Centbl.,  123 
(1913),  8,  200. 
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Kornauth,  K.,  and  Reitmar,  O. 

Monatsh.  Landw.,  2 (1909),  78;  abs.  in  Centbl.  Bakt.,  2 Abt.,  24  (1909), 
23-25,  573-574. 

Orton,  W.  A. 

U.  S.  Dept.  Agr.  Bui.  64  (1914). 

Abs.  in  Phytopath.,  3 (1913),  1,  69. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  109  (1913) 

Osterspen 

Mitt.  Deut.  Landw.  Gesell.,  26  (1911),  18,  222-224. 

Quanjer,  H.  M. 

Mededeelingen,  Ryks  Hoogere  Land,  Tuin-en  Boschboueoschool,  Wagen- 
nigen,  deel  6,  afl.  2,  1913,  41-80. 

Reitmar,  O. 

Ztschr.  Landw.  Versuchw.  Osterr.,  16  (1913),  6.  653-717. 

Landw.  Versuchsw.  Osterr  . 13  (1910),  4,  190-197. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  13  (1910),  4,  190-197. 

Ztschr.  Landw.  Versuchsw.  Osterr.,  15  (1912),  1,  1-106 
Remy,  T.,  and  Schneider,  G. 

Fiihling’s  Landw.  Ztg.,  58  (1909),  6,  201-219. 

Schander,  R. 

Jahresber.  Ver.  Angew.  Bot.,  7 (1909),  235-245. 

Ber.  West.  Preuss.  Bot.  Zool.  Ver.,  32  (1910),  70-77 

and  Tiesenhausen,  M. 

Mitt.  Kaiser  Wilhelms  Inst.  Landw.  Bromberg,  6 (1914),  2,  115-124. 

Schmid,  A. 

Illus.  Landw.  Ztg.,  31  (1911),  17,  160;  abs.  in  Centbl.  Bakt.,  2 Abt.,  31 
(1911),  11-15,  331-332. 

Schmidt,  E.  W. 

Deut.  Landw.  Presse,  36  (1909),  99,  1051. 

Sorauer,  P. 

Internat.  Phytopath.  Dienst.  Beigabe  zu  Zeitschrift  fur  Pflanzenkrank. 
Jahrb.,  1 (1908),  33-59. 

Ztschr.  Pflanzenkrank.,  23  (1913),  4,  244-253. 

Spieckermann,  A. 

Jahresber.  Ver.  Angew.  Bot.,  8 (1910),  1-19,  173-177;  abs.  in  Centbl.  Bakt., 
2 Abt.,  31  (1911),  23-25. 

Stormer,  K. 

Jahresber.  Ver.  Angew.  Bot.,  7 (1909),  119-170. 
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Stormer,  K.  and  Morgenthaler,  O. 

Naturw.  Ztschr.  Forst  u.  Landw.,  9 (1911),  12,  521-551. 
Vanha,  J. 

Monatsh.  Landw  , 3 (1910),  9,  268-276. 

Voges,  E. 

Fiihling’s  Landw.  Ztg.,  61  (1912),  16,  542-553. 
von  Beke,  L. 

Jahresber.  Ver.  Angew.  Bot.,  10  (1912),  145-155. 


Stewart,  F.  C. 

N.  Y.  (Geneva) 


Pimply  Potatoes 

Sta.  Bui.  101 ; Rpt.  1896,  447-521. 


Ring  Disease 


Mayer,  A. 

Jour.  Landw.,  55  (1907),  4,  301-304. 


Spray  Injury 

Lutman,  B.  F. 

Vt.  Sta.  Bui.  162  (1912). 

Munn,  M.  T. 

N.  Y.  (Geneva)  Sta.  Bui.  352  (1912). 
Orton,  W.  A.,  and  Field,  E.  C. 

Abs.  in  Science,  n.  ser.,  31  (1910),  803,  796. 
Stewart,  F.  C.,  and  French,  G.  T. 

N.  Y.  (Geneva)  Sta.  Bui.  347  (1912). 
Stewart,  F.  C.,  and  Gloyer,  W.  O. 

N.  Y.  (Geneva)  Sta.  Bui.  369  (1913). 


Tipburn 

Galloway,  B.  T. 

U.  S.  Dept.  Agr.,  Farmers’  Bui.  91  (1899). 
Jones,  L.  R. 

Vt.  Sta.  Bui.  49  (1895)  ; Bui.  72  (1899). 


QUINCE 

Blotch 

Brooks,  C. 

Phytopath.,  3 (1913),  4,  249-250. 

Frost  Blisters 

Stewart,  F.  C.,  and  Eustace,  H.  J. 

N.  Y.  (Geneva)  Sta.  Bui.  220  (1902). 

RASPBERRY 

Yellows 

Howitt,  J.  E. 

Canad.  Hort.,  36  (1913),  10,  237-238. 
Melchers,  L.  E. 

Ohio  Nat.,  14  (1914),  6,  281-288. 


(See  Cereal.) 


RICE 


ROSE 

Bronzing  of  Leaves 

Stone>  G.  E. 

Mass.  (Hatch)  Sta.  Rpt.  1899,  156-159. 

( ) 

N.  J.  Sta.  Rpt.  1891,  303-304. 

ROSETTE 

(See  Apple,  Peach,  and  Pecan.) 

SMOKE  AND  GAS  INJURIES;  INJURIES  FROM  INDUSTRIAL 

WORKS 

Cement  Dust 

Anderson,  P.  J. 

Abs.  in  Phytopath.,  2 (1912),  1,  45. 

Parish,  S.  B. 

Plant  World,  13  (1910),  12,  288-291. 

Pierce,  G.  J. 

Plant  World,  13  (1910),  12,  283-288. 


Science,  n.  ser.,  30  (1909),  775,  652-654. 

Coal  Tar 

Ewert,  R. 

Ber.  K.  Lehranst.  Obst  u.  Gartenbau  Proskau,  1911,  76. 

Gatin,  C.  L. 

Abs.  in  Internat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Dis- 
eases, 3 (1912),  7,  1670-1672. 

Flue  Dust 

Hasselhoff,  E. 

Chem.  Centbl.,  2 (1907),  21,  1755-1756;  Jour.  Chem.  Soc.  (London),  92 
(1907),  541,  II,  905-906. 


Fiihling’s  Landw.  Ztg.,  57  (1908),  18,  609-615. 

Gas 

Knight,  L.  I.,  Rose,  R.  C.,  and  Crocker,  W. 

Abs.  in  Science,  n.  ser.,  31  (1910),  799,  635-636. 
OSTERHOUT,  W.  J.  V. 

Univ.  Cal.  Pub.  Bot.,  3 (1908),  4,  339-340. 

Illuminating  Gas 
Crocker,  W.,  and  Knight,  L.  I. 

Bot.  Gaz.,  46  (1908),  4,  259-276. 

Shonnard,  F. 

Yonkers,  N.  Y. ; Dept.  Public  Works,  1903. 
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Stone,  G.  E. 

Mass.  Sta.  Rpt.  1912,  pt.  1,  45-60 

Smoke 

Bakke,  A.  L. 

Ia.  Sta.  Bui.  145  (1913). 

Bokorny,  T. 

Chem,  Ztg.,  36  (1912),  111,  1050-1051;  abs.  in  Jour.  Chem.  Soc.  (London), 
102  (1912),  600,  11,  980 
Buckhout 

Pa.  State  Col.  Pub.  1900. 

Crowther,  C. 

Jour.  Roy.  Hort.  Soc.  (London),  38  (1913),  3,  461-468. 

and  Ruston,  A.  G. 

Jour.  Agr.  Sci..  4 (1911),  1,  25-55. 

and  Stewart,  D.  W. 

Jour.  Agr.  Sci.  (England),  5 (1913),  4,  391-408. 

Ebaugh,  W.  C. 

Jour.  Amer.  Chem.  Soc.,  29  (1907),  951-970 
Gerlach 

Forst  u.  Jagdw..  40  (1908),  7.  429-437. 

Haywood,  J.  K. 

Jour.  Amer.  Chem.  Soc.,  29  (1907),  7,  998-1009. 

U.  S.  Dept.  Agr..  Bur.  Chem.  Bui.  89  (1905). 

Hedgcock,  G.  G. 

Jour.  Wash.  Acad.  Sci.,  4 (1914).  4,  70-71 
Knight,  L.  I.,  and  Crocker,  W. 

Bot.  Gaz.,  55  (1913),  5,  337-371. 

Abs.  in  Science,  n.  ser..  37  (1913),  949,  380. 

McClelland,  E.  H. 

Mellon  Inst.  Indus.  Research  Smoke  Invest.  Bui.  2 (1913),  58-71. 

Muller,  H.  C.,  et  al. 

Kontroll  u.  Vers.  Pflanzenkrank.  Prov.  Sachsen,  1910,  20-22. 

Ber.  Agr.  Chem.  Kontroll  u.  Vers.  Stat.  Pflanzenkrank.  Prov.  Sachsen. 
1912,  19-22. 

Ruston,  A.  G.,  and  Crowther,  C. 

Rpt.  Brit.  Assoc.  Adv.  Sci.  1910.  577-578. 

Sabachnikoff,  V. 

Contribution  a Tfitude  des  Fumees  et  des  Poussieres  Industrielles  dans 
leurs  Rapports  avec  la  Vegetation.  Thesis,  Univ.  Nancy,  1913,  1-252. 

Schroter,  F. 

Tharand.  Forstl.  Jahrb.,  57  (1907),  2,  211-430. 

Sorauer,  P. 

Landw.  Jahrb.,  33  (1904),  4-5,  585-664. 
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Stone/ G.  E.,  and  Monahan,  N.  F. 

Mass.  Sta.  Rpt.  1906,  115. 

Swain,  R.  E.,  and  Harkins,  W.  D. 

Jour.  Amer.  Chem.  Soc..  30  (1908),  6,  915-928. 
von  Rusnov,  P. 

Centbl.  Gesam.  Forstw.,  36  (1910),  6,  257-268. 

Widtsoe,  J.  A. 

Utah  Sta.  Bui.  88  (1903). 

Tarred  Roads 

Claussen,  P. 

Arb.  K.  Biol.  Anst.  Land  u.  Forstw.,  8 (1913),  5,  493-514. 

Gatin,  C.  L. 

Compt.  Rend.  Acad.  Sci.  (Paris),  153  (1911),  15,  688-690;  153  (1911),  3, 
202-204. 


Ann.  Sci.  Nat.  Bot.,  9 ser.,  15  (1912),  2-4,  165-262. 


Ztschr.  Pflanzenkrank.,  22  (1912),  4,  193-204. 

Griffon,  E. 

Compt.  Rend.  Acad.  Sci.  (Paris).  151  (1910),  23,  1070-1073 
Mirande,  M. 

Compt.  Rend.  Acad.  Sci.  (Paris),  151  (1910),  21,  949-952. 

Tobacco  Smoke 

Molisch,  H. 

Anzeiger  K.  Akad.  Wiss.  Wien,  Math.  Naturw.  Kl.,  1911.  2,  20-22;  abs.  in 
Centbl.  Bakt.,  2 Abt.,  31  (1911),  11-15,  380-381. 

SPRAY  INJURY 

General 

Ball,  E.  D. 

. Gem  State  Rural.  14  (1909),  10,  6-8. 

Ballou,  F.  H. 

Ohio  Sta.  Bui.  240  (1912). 

Beach,  S.  A.,  and  Bailey,  L.  H. 

N.  Y.  (Geneva)  Sta.  Bui.  196  (1900). 

Bonns,  W.  W. 

Me.  Sta.  Bui.  198  (1912). 

Clark,  J.  F. 

Bot.  Gaz,  33  (1902),  1,  26-48. 

Crandall,  C.  S. 

111.  Sta.  Bui.  135  (1909). 

Evans,  W.  H. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.  Bui.  10  (1896). 

Ewert,  R. 

Ztschr.  Pflanzenkrank  , 22  (1912),  5,  257-285. 
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Fairchild,  D.  G. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.  Bui.  6 (1894). 
Gimingham,  C.  T. 

Chem.  World,  1 (1912),  11,  363-364. 

Grossenbacher,  J.  G. 

N.  Y.  Sta.  Tech.  Bui.  12. 

Headden,  W.  P. 

Colo.  Sta.  Bui.  157  (1910). 


Colo.  Sta.  Bui.  131  (1908). 

Hedrick,  U.  P. 

N.  Y.  (Geneva)  Sta.  Bui.  287  (1907). 

Hewitt,  J.  L. 

Ark.  Sta.  Bui.  114  (1913). 

PlSOVSCHI,  E. 

Rev.  Gen.  Sci.,  24  (1913),  21,  787-788. 

Safro,  V.  I. 

Ore.  Sta.  Research  Bui.  2 (1913). 

Salmon,  E.  S. 

Jour.  Bd.  Agr.  (London),  17  (1910),  2,  103-113. 

SCHANDER,  R. 

Landw.  Jahrb.,  33  (1904),  517. 

Scott,  W.  M. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Circ.  27  (1909). 
Selby,  A.  D. 

Ohio  State  Hort.  Soc.  Ann.  Rpt.,  43  (1910),  77-88. 

Stewart,  J.  P. 

Advance  Rpt.  Conn.  Pomol.  Soc.,  21  (1912). 

Stone,  G.  E. 

Mass.  Sta.  Rpt.  1909,  pt.  2,  46-47. 

Swingle,  W.  T. 

U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.  Bui.  9 (1896). 
Wallace,  E. 

N.  Y.  (Cornell)  Sta.  Bui.  288  (1910). 

, Blodgett,  F.  M.,  and  Nessler,  L.  R. 

N.  Y.  (Cornell)  Sta.  Bui.  290  (1911). 

Watkins,  O.  S. 

111.  Sta.  Circ.  159  (1912). 

WlLKEN,  F.  W. 

Mich.  Sta.  Rpt.  1911,  184-146. 

(See  also  Apple,  Grape,  Peach,  and  Potato.) 

SUGAR  CANE 

Chlorosis 

Gile,  P.  L.,  and  Ageton,  C.  N. 

Porto  Rico  Sta.  Rpt.  1913,  13-14. 
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Sereh 

Zeylstra,  H.  H. 

Ber.  Deut.  Bot.  Gesell.,  29  (1911),  6,  330-333. 

( ) 

Agr.  News  (Barbados),  10  (1911),  241,  238-239. 

SUN  SCALD 

(See  Apple,  Peach,  Plum,  and  Potato.) 

SYRINGA 

Leaf  Roll 

Laubert,  R. 

Gartenflora,  63  (1914),  1,  9-11. 

TOBACCO 

Gummosis 

Honing,  J.  A. 

Meded.  Deli-Proefstat.  Medan,  5 (1911),  6,  169-185. 


Meded.  Deli-Proefstat.  Medan,  5 (1910),  1,  24. 

Leaf  Curl 


Ludwig,  K. 

Ber.  Deut.  Bot.  Gesell.,  31  (1913),  9,  536-546. 

Mosaic 


Allard,  H.  A. 

Jour.  Agr.  Research,  3 (1915),  4. 


U.  S.  Dept.  Agr.  Bui.  40  (1913). 


Science,  n.  ser.,  36  (1912),  938,  875-876. 

Beyerinck,  W.  W. 

Sep.  Verhandel.  K.  Akad.  Wetensch.  Amsterdam,  1898;  abs.  in  Bot.  Centbl., 
78  (1899),  5,  146-151;  abs.  also  in  Jour.  Roy.  Micros.  Soc.  (London)  1899,  3, 
319-320. 


Centbl.  Bakt.,  2 Abt.,  5 (1899),  1,  27-33. 

Bouygnes  and  Perreau 

Compt.  Rend.  Acad.  Sci.  (Paris),  139  (1904),  4,  309-310. 
Chapman,  G.  H. 

Mass.  Sta.  Rpt.  1912,  pt.  2,  41-51. 

Heintzel,  K. 

Inaug.  Diss.,  Erlangen,  1900. 

Hunger,  F.  W. 

Ztschr.  Pflanzenkrank.,  15  (1905),  257-311. 


Bui.  de  l’lnst.  Bot.  de  Buitenzorg  17  (1903). 
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IVVANOSKY,  D. 

Centbl.  Bakt.,  2 Abt.,  7 (1901),  4,  148. 


Bui.  Acad.  Imp.  Sci.  St.  Petersburg,  35  (1892),  1,  67-70 


Ztschr.  Pflanzenkrank..  13  (1903),  1-41 

Jensen,  H. 

Centbl.  Bakt.,  2 Abt.,  15  (1905),  13-14,  440-445. 
Johnson,  J. 

Wis.  Sta.  Bui.  237  (1914). 

Lodewijks,  J.  A. 

Abs.  in  Bot.  Centbl  . 114  (1910),  20,  518. 

Loew 

U.  S.  Dept.  Agr.  Rpt.  65  (1900),  11-25. 

Mayer,  A. 

U.  S.  Dept.  Agr.  Jour.  Mycol.,  7 (1894),  4,  333-378. 
Selby,  A.  D. 

Ohio  Sta.  Bui.  156  (1904). 

Stone  and  Chapman 

Mass.  Sta.  Rpt.,  22  (1907),  120-150. 

Sturgis,  W.  C. 

Conn.  Sta.  Rpt.  1898.  242-260. 

Woods,  A.  F. 

U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  18  (1902) 


Abs.  in  Sci.,  n.  ser.,  13  (1901),  320,  247-248 


Science,  n.  ser..  11  (1900),  262,  17-19. 


TOMATO 

Blossom-end  Rot 

Brooks,  C. 

Abs.  in  Phytopath.,  4 (1914),  1,  49. 

Smith,  Elizabeth  H. 

Mass.  Sta.  Tech.  Bui.  3 (1907). 

Stucky,  H.  P.,  and  Temple,  J.  C. 

Ga.  Sta.  Bui.  96  (1911). 


Dropping  of  Buds 

Rogers,  S.  S. 

Cal.  Sta.  Bui.  239  (1913). 

Rolfs,  P.  H. 

Fla.  Sta.  Bui.  47  (1898)  ; Bui.  117  (1913). 


Hollow  Stem 


Rolfs,  P.  H. 

Fla.  Sta.  Bui.  47  (1898);  Bui.  117  (1913). 
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Melchers,  L.  E. 

Mosaic 

Ohio  Nat.,  13  (1913),  8,  149-175. 

Westerdijk,  Johanna 

Meded.  Phytopath.  Lab.  “Willie  Commelin  Scholten,”  1910;  abs.  in  Ztschr 
Pflanzenkrank.,  20  (1910),  7,  425-426. 


Atkinson,  G.  F. 

(Edema 

N.  Y.  (Cornell)  Sta.  Bui.  53  (1893). 

Rolfs,  P.  H. 

Fla.  Sta.  Bui.  47  (1898). 

Fla.  Sta.  Bui.  117  (1913). 

YELLOWS 

(See  Aster,  Oats,  Peach,  Plum,  and  Raspberry.) 


(See  Cereal.) 

WHEAT 

Meyer,  F.  J. 

WIND 

Naturw.  Wchnschr  . 28  (1913),  38.  599-606 
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introductory  note 

About  two-thirds  of  Illinois  lies  in  the  corn  belt,  where  most  of  the  prairie 
lands  are  black  or  dark  brown  in  color.  In  the  southern  third  of  the  state,  the 
prairie  soils  are  largely  of  a gray  color.  This  region  is  better  known  as  the 
wheat  belt,  altho  wheat  is  often  grown  in  the  corn  belt  and  corn  is  also  a com- 
mon crop  in  the  wheat  belt. 

Moultrie  county,  representing  the  corn  belt;  Clay  county,  which  is  fairly 
representative  of  the  wheat  belt;  and  Hardin  county,  which  is  taken  to  repre- 
sent the  unglaciated  area  of  the  extreme  southern  part  of  the  state,  were  se- 
lected for  the  first  Illinois  Soil  Reports  by  counties.  While  these  three  county 
soil  reports  were  sent  to  the  Station’s  entire  mailing  list  within  the  state,  sub- 
sequent reports  are  sent  only  to  those  on  the  mailing  list  who  are  residents  of  the 
county  concerned,  and  to  any  one  else  upon  request. 

Each  county  report  is  intended  to  be  as  nearly  complete  in  itself  as  it 
is  practicable  to  make  it,  and,  even  at  the  expense  of  some  repetition,  each 
will  contain  a general  discussion  of  important  fundamental  principles  in  order 
to  help  the  farmer  and  landowner  understand,  the  meaning  of  the  soil  fer- 
tility invoice  for  the  lands  in  which  he  is  interested.  In  Soil  Report  No.  1, 
‘ ‘ Clay  County  Soils,  ’ \ this  ^discussion  serves  in  part  as  an  introduction,  while 
in  this  and  other  reports,  it  will  be  found  in  the  Appendix ; but  if  necessary  it 
should  be  read  and  studied  in  advance  of  the  report  proper. 


BOND  COUNTY  SOILS 

By  CYRIL  G.  HOPKINS,  J.  G.  MOSIER,  J.  H.  PETTIT,  and  O.  S.  FISHER 


Bond  county  is  located  nominally  in  the  lower  Illinois  glaciation,  but  much 
of  the  area,  especially  the  northwestern  part,  extends  over  the  broad  transition 
zone  between  the  lower  and  the  middle  divisions  of  the  Illinois  glaciation,  and 
for  this  reason  some  of  the  soil  types  are  rather  better  than  the  average  soils  of 
the  same  type  in  southern  Illinois. 

This  zone  seems  once  to  have  been  an  extensive  morainal  region.  Altho 
some  moraines  still  exist  as  long  ridges,  most  of  them  have  been  reduced  by 
erosion  to  rounded  hills,  so  that  only  4 percent  of  the  county  is  now  covered 
by  such  formation.  Other  hilly  lands,  formed  largely  by  stream  erosion,  oc- 
cupy more  than  16  percent  of  the  area. 

The  topography  of  the  more  extensive  undulating  and  level  uplands  was 
probably  produced  very  largely  by  the  influence  of  an  ice  sheet  which  once  cov- 
ered this  region.  Like  most  of  the  state,  this  county  was  overlain  by  an  ice  sheet 
during  what  is  known  as  the  Glacial  period.  During  that  period  accumulations 
of  snow  and  ice  in  parts  of  Canada  became  so  great  that  they  pushed  southward 
until  a point  was  reached  where  the  ice  melted  as  rapidly  as  it  advanced.  In 
moving  across  the  country,  the  ice  gathered  up  all  sorts  and  sizes  of  stone  and 
earthy  materials,  including  masses  of  rock,  boulders,  pebbles,  and  smaller  par- 
ticles. Some  of  these  materials  were  carried  for  hundreds  of  miles  and  rubbed 
against  the  surface  rocks  or  against  each  other  until  ground  into  powder.  When 
the  limit  of  advance  was  reached,  where  the  ice  largely  melted,  this  material 
would  accumulate  in  a broad  undulating  ridge,  or  moraine.  When  the  ice  melted 
away  more  rapidly  than  the  glacier  advanced,  the  terminus  of  the  glacier  would 
recede  and  leave  the  moraine  of  glacial  drift  to  mark  the  outer  limit  of  the  ice 
sheet. 

The  ice  made  many  advances  and  with  each  advance  and  recession  a 
terminal  moraine  was  formed.  These  moraines  are  now  seen  as  broad  ridges 
that  vary  from  one  to  ten  miles  in  width.  Thruout  the  state  these  advances  and 
recessions  of  the  ice  sheet  left  a system  of  terminal  moraines  (irregularly  con- 
centric with  Lake  Michigan)  having  generally  a steep  outer  slope  while  the 
inner  slope  is  longer  and  more  gradual.  (See  state  map  in  Bulletin  123.) 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Granites,  limestones,  sandstones,  shales,  etc.,  were 
mixed  and  ground  up  together.  This  mixture  of  all  kinds  of  boulders,  gravel, 
sand,  silt,  and  clay  is  called  boulder  clay,  till,  glacial  drift,  or  simply  drift. 
The  grinding  and  denuding  power  of  glaciers  is  enormous.  A mass  of  ice  100 
feet  thick  exerts  a pressure  of  40  pounds  per  square  inch,  and  this  ice  sheet  may 
have  been  hundreds  of  feet  in  thickness.  The  materials  carried  and  pushed 
along  in  this  mass  of  ice,  especially  the  boulders  and  pebbles,  became  powerful 
agents  for  grinding  and  wearing  away  the  surface  over  which  the  ice  passed. 
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Ridges  and  hills  were  rubbed  down,  valleys  filled,  and  surface  features  changed 
entirely. 

As  the  glacier  melted  in  its  final  recession,  the  material  carried  in  the  great 
mass  of  ice  w^as  deposited  somewhat  uniformly,  yet  not  entirely  so,  over  the 
intermorainal  tracts,  leaving  extensive  areas  of  level,  undulating,  or  rolling 
plains. 

The  depth  of  glacial  drift  in  Bond  county  varies  from  a few  feet  to  more 
than  200  feet,  as  shown  by  borings  for  wells  and  mines.  A thickness  of  204  feet 
was  determined  by  a boring  in  Greenville.  Leverett’s  estimate  for  the  average 
thickness  of  the  drift  in  the  county  is  85  feet. 

The  lower  Illinois  glaciation  is  characterized  by  light-colored  soils  which 
are  usually  strongly  acid,  wrhereas  in  the  middle  and  upper  Illinois  glaciations 
the  darker  colored  corn-belt  soils  predominate. 

Physiography 

The  highest  point  in  Bond  county,  650  feet,  is  in  section  30,  township  7 
north,  range  2 west,  while  the  lowest,  about  430  feet,  is  in  the  Kaskaskia  bot- 
toms in  the  southeast  corner  of  the  county.  This  gives  a difference  in  altitude 
of  220  feet.  The  following  are  the  altitudes  in  feet  above  sea  level  of  some  sta- 
tions and  towns : Greenville,  555  ; Hookdale,  503  ; Mulberry  Grove,  549  ; Perrion, 
517;  Pocahontas,  498  ; Reno,  585  ; Sorento,  591 ; Stubblefield,  510 ; Smithboro, 
548 ; Tamalco,  465 ; Baden  Baden,  495 ; Old  Ripley,  540 ; Pleasant  Mound,  515. 

The  entire  countjr  lies  in  the  drainage  basin  of  the  Kaskaskia  or  Okaw  river, 
the  general  slope  being  from  north  to  south.  About  three-fourths  of  the  area 
is  drained  thru  Shoal  creek  and  its  tributaries  and  thence  into  the  Kaskaskia, 
while  about  one-fourth  of  the  area  along  the  east  side  is  drained  directly  into 
the  Kaskaskia  by  means  of  small  tributaries.  (Beaver  creek  is  a tributary  of 
Shoal  creek.)  The  large  streams  of  the  county  have  cut  valleys  varying  from 
25  to  125  feet  below  the  upland,  the  deeper  ones  being  in  the  northern  part  of 
the  county.  These  valleys  have  permitted  considerable  erosion  by  the  small 
tributaries,  and  as  a result  the  upland  adjacent  to  the  larger  streams  is  usually 
cut  up  into  hills  and  valleys  unsuited  to  ordinary  agriculture.  Before  the  land 
was  put  under  cultivation,  forests  had  advanced  up  the  streams  and  were  slowly 
invading  the  prairies,  thus  producing  a belt  of  timber  soil  along  the  streams. 

Soil  Material  and  Soil  Types 

The  Illinois  glacier  covered  Bond  county  and  left  a thick  mantle  of  drift, 
completely  burying  the  old  soil  that  preceded  it.  Then  a long  period  elapsed, 
during  which  a soil  known  as  the  old  Sangamon  soil  was  formed  on  the  surface 
of  this  drift.  Later  other  ice  invasions  occurred,  but  they  covered  only  the 
northern  part  of  the  state.  (See  state  map  in  Bulletin  123,  Iowan  and  Wis- 
consin glaciations.) 

These  later  ice  sheets  did  not  reach  -Bond  county,  but  finely  ground  rock 
(rock  flour)  in  immense  quantities  was  carried  south  by  the  waters  from  the 
melting  ice  and  deposited  on  the  flooded  plains,  where,  when  dry,  it  was  picked 
up  by  the  wind,  carried  farther,  and  finally  deposited  on  the  surface,  burying  the 
old  Sangamon  soil1  to  a depth  of  5 to  20  feet  or  more.  This  wind-blown  material, 

irThe  Sangamon  soil  may  sometimes  be  seen  in  cuts  as  a somewhat  dark  or  bluish  sticky 
clay  or  a weathered  zone  of  yellowish  or  brownish  clay. 
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called  loess,  is  a mixture  of  all  kinds  of  material  over  which  the  glacier  passed. 
It  may  be  recognized  as  a yellow,  fine-grained  material  naturally  free  from 
glacial  pebbles,  usually  underlain  by  the  pebble-bearing  drift. 

After  the  loessal  material  was  deposited  over  the  country,  the  surface 
stratum  became  mixed  with  more  or  less  organic  matter  and  thus  was  gradually 
changed  into  soil.  Surface  washing  has  produced  other  changes. 

The  soils  of  Bond  county  are  divided  into  the  four  following  classes : 

(1)  Upland  prairie  soils.  These  were  originally  covered  with  wild  prairie 
grasses,  the  partially  decayed  roots  of  which  have  been  the  chiet*  source  of  the  or- 
ganic matter.  The  flat  prairie  land,  naturally  poorly  drained,  contains  the  higher 
amount  of  organic  matter  because  the  grasses  and  roots  grew  more  luxuriantly 
there  and  were  largely  preserved  from  decay  by  the  higher  moisture  content  of 
the  soil. 

(2)  Upland  timber  soils,  including  those  zones  along  stream  courses  over 
which  forests  once  extended.  These  soils  contain  less  organic  matter  than  the 
upland  prairie  soils,  because  the  large  roots  of  dead  trees  and  the  surface  ac- 
cumulations of  leaves,  twigs,  and  fallen  trees  were  burned  by  forest  fires  or 
suffered  almost  complete  decay.  The  timber  lands  may  be  divided  roughly  into 
three  classes : the  level,  the  undulating,  and  the  hilly  areas. 

(3)  Ridge  soils,  including  those  on  morainal  ridges,  most  of  which  have 
been  forested.  They  may  be  divided  into  pervious  and  tight  (almost  impervious) . 
The  former  class  includes  some  of  the  best  soils  of  the  county,  while  the  soils 
of  the  latter  class  are  among  the  poorest. 

(4)  Bottom-land  soils,  including  the  flood  plains  along  streams. 


Table  1. — Soil  Types  of  Bond  County 


Soil 

type  No. 

Name  of  type 

Area 
in  square 
miles 

Area 
in  acres 

Percent 
of  total 
area 

(a)  Upland  Prairie  Soils  (page  24) 

330 

Gray  silt  loam  on  tight  clay 

121.49 

77  754 

32.66 

328 

Brown-gray  silt  loam  on  tight  clay 

61.49 

39  354 

16.54 

329 

Drab  silt  loam 

2.46 

1 574 

.66 

331 

Deep  gray  silt  loam 

2.19 

1 401 

.59 

325.1 

Black  silt  loam  on  clay 

2.48 

1 587 

.67 

(b)  Upland  Timber  Soils  (page  33) 

334 

Yellow-gray  silt  loam 

48.76 

31  206 

13.13 

335 

Yellow  silt  loam 

60.09 

38  458 

16.15 

332 

Light  gray  silt  loam  on  tight  clay 

16.45 

10  528 

4.42 

332.1 

White  silt  loam  on  tight  clay 

.68 

435 

.18 

(c)  Ridge  Soils  (page  42) 

235 

Yellow  silt  loam 

12.41 

7 942 

3.33 

233 

Gray-red  silt  loam  on  tight  clay 

1.44 

922 

.39 

245 

Yellow  fine  sandy  silt  loam 

1.98 

1 267 

.53 

(d)  Bottom-Land  Soils  (page  44) 

1331 

Deep  gray  silt  loam 

26.22 

16  781 

7.05 

1326 

Deep  brown  silt  loam 

13.74 

8 794 

3.70 

Total 

371.88 

238  003 

100.00 

Table  1 shows  the  area  of  each  type  of  soil  in  the  county,  and  its  percentage 
of  the  total  area.  The  accompanying  map  shows  the  location  and  boundary  lines 
of  every  type  of  soil  in  the  county,  even  down  to  areas  of  a few  acres;  and  in 
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Table  2 are  reported  the  amounts  of  organic  carbon  (the  best  measure  of  the  or- 
ganic matter)  and  the  total  amounts  of  the  five  important  elements  of  plant  food 
contained  in  2 million  pounds  of  the  surface  soil  of  each  type  (the  plowed  soil  of 
an  acre  about  6%  inches  deep).  In  addition,  the  table  shows  the  amount  of 
limestone  present,  if  any,  or  the  soil  acidity  as  measured  by  the  amount  of  lime- 
stone required  to  neutralize  the  acidity  existing  in  the  soil.1 

THE  INVOICE  AND  INCREASE  OF  FERTILITY  IN  BOND  COUNTY 

SOILS 

Soil  Analysis 

In  order  to  avoid  confusion  in  applying  in  a practical  way  the  technical 
information  contained  in  this  report,  the  results  are  given  in  the  most  simplified 
form.  The  composition  reported  for  a given  soil  type  is,  as  a rule,  the  average 
of  many  analyses,  which,  like  most  things  in  nature,  show  more  or  less  varia- 
tion; but  for  all  practical  purposes  the  average  is  most  trustworthy  and  suf- 
ficient. (See  Bulletin  123,  which  reports  the  general  soil  survey  of  the  state, 
together  with  many  hundred  individual  analyses  of  soil  samples  representing 
twenty-five  of  the  most  important  and  most  extensive  soil  types  in  the  state.) 

The  chemical  analysis  of  a soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but,  as  explained  in  the  Appendix, 
the  rate  of  liberation  is  governed  by  many  factors.  Also,  as  there  stated,  prob- 
ably no  agricultural  fact  is  more  generally  known  by  farmers  and  landowners 
than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at  the 
same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same  kind 
of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by  the  same 
sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as  the  poorest 
acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field ; and  the  fact  should  be 
repeated  and  emphasized  that  the  productive  power  of  normal  soil  in  humid  sec- 
tions depends  upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the 
rate  at  which  it  is  liberated. 

The  fact  may  be  repeated,  too,  that  crops  are  not  made  out  of  ’nothing. 
They  are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which 
is  absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  plants,  only  one  (hydrogen)  from  water,  while  seven  are 
secured  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes)  in  case  the  amount  liberated  from  the  soil  is  insufficient.  But  even 
the  leguminous  plants  (which  include  the  clovers,  peas,  beans,  alfalfa,  and 
vetches) , in  common  with  other  agricultural  plants,  secure  from  the  soil  alone  six 
elements  (phosphorus,  potassium,  magnesium,  calcium,  iron,  and  sulfur)  and 
also  utilize  the  soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during 
their  period  of  growth. 

lrThe  figures  given  in  Table  2 (and  in  the  corresponding  tables  for  subsurface  and  sub- 
soil) are  the  averages  for  all  determinations,  with  some  exceptions  of  limestone  or  acidity 
present.  Some  soil  types,  particularly  those  which  are  subject  to  erosion,  may  vary  from 
acid  to  alkaline,  especially  in  the  subsurface  or  subsoil;  and  in  such  cases  abnormal  results 
are  discarded,  a report  of  the  normal  conditions  being  more  useful  than  any  average  of 
figures  involving  both  plus  and  minus  quantities. 
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Table  A in  the  Appendix  shows  the  requirements  of  large  crops  for  the 
five  most  important  plant-food  elements  which  the  soil  must  furnish.  (Iron 
and  sulfur  are  supplied  normally  from  natural  sources  in  sufficient  abundance, 
compared  with  the  amounts:  needed  by  plants,  so  that  they  are  never  known  to 
limit  the  yield  of  common  farm  crops.) 

As  already  stated,  the  data  in  Table  2 represent  the  total  amounts  of  plant- 
food  elements  found  in  2 million  pounds  of  surface  soil  in  Bond  county,  which 
corresponds  to  an  acre  about  6%  inches  deep.  This  includes  at  least  as  much  soil 
as  is  ordinarily  turned  with  the  plow,  and  represents  that  part  with  which  the 
farm  manure,  limestone,  phosphate,  or  other  fertilizer  applied  in  soil  improve- 
ment is  incorporated.  It  is  the  soil  stratum  that  must  be  depended  upon  in  large 
part  to  furnish  the  necessary  plant  food  for  the  production  of  crops,  as  will  be 
seen  from  the  information  given  in  the  Appendix.  Even  a rich  subsoil 
has  little  or  no  value  if  it  lies  beneath  a worn-out  surface,  for  the  weak,  shallow- 
rooted  plants  will  be  unable  to  reach  the  supply  of  plant  food  in  the  subsoil.  If, 
however,  the  fertility  of  the  surface  soil  is  maintained  at  a high  point,  then  the 
plants,  with  a vigorous  start  from  the  rich  surface  soil,  can  draw  upon  the  sub- 
surface and  subsoil  for  a greater  supply  of  plant  food. 

By  easy  computation  it  will  be  found  that  the  most  common  prairie  soils  of 
Bond  county  do  not  contain  in  the  plowed  soil  more  than  enough  total  nitrogen 
for  the  production  of  maximum  crops  for  twenty-two  years;  while  the  upland 
timber  soils 'contain,  as  an  average,  even  less  nitrogen  than  the  prairie  land. 

With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  nearly 
nine-tenths  of*  the  soil  area  of  the  county  containing  no  more  of  that  element 
than  would  be  required  for  ten  crop  rotations  if  such  yields  were  secured  as  are 


Table  2. — Fertility  in  the  Soils  of  Bond  County 
Average  pounds  per  acre  in  2 million  pounds  of  surface  soil  (about  0 to  6%  inches) 


Soil 

Total 

Total 

Total  1 

Total 

Total 

Total 

calcium 

Lime-  | Soil 

type 

No. 

Soil  type 

organic 

carbon 

nitro- 

gen 

phos- 
phorus 1 

potas- 

sium 

magne- 

sium 

stone  acidity 
present  j present 

Upland  Prairie  Soils 


330 

Gray  silt  loam  on 

tight  clay 

25  620 

2 640 

770 

27  410 

4 710 

5 200 

560 

328 

Brown-gray  silt  loam  on 

tight  clay 

29  490 

2 840 

670 

31  040 

4 590 

6 210 

100 

329 

Drab  silt  loam 

36  400 

3 640 

720 

29  780 

6 320 

7 500 

120 

331 

Deep  gray  silt  loam .... 

29  460 

2 840 

680 

24  180 

3 780 

4 040 

960 

325.1 

Black  silt  loam  on  clay. 

56  540 

4 760 

1 020 

32  540 

9 820 

15  540 

20 

Upland  Timber  Soils 


334 

Yellow-gray  silt  loam.. 

26  440 

2 530 

470 

35  500 

5 870 

5 320 

320 

335 

Yellow  silt  loam 

22  110 

2 068 

696 

36  024 

6 444 

5 040 

940 

332 

Light  gray  silt  loam  on 

tight  clay 

18  780 

1 760 

740 

26  980 

4 720 

4 110 

280 

332.1 

White  silt  loam  on  tight 

clay  

14  860 

1 360 

660 

30  120 

4 380 

5 400 

1 400 

Ridge  Soils 


235 

Yellow  silt  loam 

21  340 

1 940 

740 

38  940 

5 400 

8 240 

20 

233 

Gray-red  silt  loam  on 

tight  clay 

35  700 

3 600 

820 

25  600 

7 140 

6 580 

400 

245 

Yellow  fine  sandy  silt 

loam  

,23  120 

2 650 

720 

39  040 

5 700 

9 850 

30 

Bottom-Land  Soils 


1331 

Deep  gray  silt  loam .... 

33  200 

3 120 

1 640 

37  240 

9 160 

7 380 

80 

1326 

Deep  brown  silt  loam . . 

23  420 

2 100 

1 100 

34  480 

7 080 

9 760 

20 
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suggested  in  Table  A of  the  Appendix.  It  will  be  seen  from  the  same  table  that 
in  the  case  of  the  cereals  about  three-fourths  of  the  phosphorus  taken  from  the 
soil  is  deposited  in  the  grain,  while  only  one-fourth  remains  in  the  straw  or 
stalks. 

On  the  other  hand,  the  potassium  is  sufficient  for  20  centuries  if  only  the 
grain  is  sold,  or  for  300  years  even  if  the  total  crops  should  be  removed  and 
nothing  returned.  The  corresponding  figures  are  about  1,200  and  300  years  for 
magnesium,  and  about  5,000  and  120  years  for  calcium.  Thus,  when  measured 
by  the  actual  crop  requirements  for  plant  food,  potassium  is  no  more  limited 
than  magnesium  and  calcium,  and,  as  explained  in  the  Appendix,  with  these 
elements  we  must  also  consider  the  fact  that  loss  by  leaching  is  far  greater  than 
by  cropping. 

These  general  statements  relating  to  the  total  quantities  of  plant  food  in 
the  plowed  soil  certainly  emphasize  the  fact  that  the  supplies  of  some  of  these 
necessary  elements  of  fertility  are  extremely  limited  when  measured  by  the  needs 
of  large  crop  yields  for  even  one  or  two  generations  of  people. 

The  variation  among  the  different  types  of  soil  in  Bond  county  with  respect 
to  their  content  of  important  plant-food  elements  is  also  very  marked.  Thus,  the 
richest  prairie  land  (black  silt  loam  on  clay)  contains  about  twice  as  much 
phosphorus  and  nitrogen  as  the  common  upland  timber  soils;  and  the  bottom 
lands  are  still  richer  in  phosphorus.  The  most  significant  facts  revealed  by  the 
investigation  of  the  Bond  county  soils  are  the  lack  of  limestone  and  the  low  phos- 
phorus content  of  the  common  upland  types,  which  cover  nearly  90  percent  of 
the  entire  county.  And  yet  both  of  these  deficiencies  can  be  overcome  at  a rela- 
tively small  expense  by  the  application  of  ground  limestone  and  fine-ground  raw 
rock  phosphate ; and,  after  these  are  provided,  clover  can  be  grown  and  nitrogen 
thus  secured  from  the  inexhaustible  supply  in  the  air.  If  the  clover  were  then 
returned  to  the  soil,  either  directly  or  in  farm  manure,  the  combined  effect  of 
limestone,  phosphorus,  and  nitrogenous  organic  matter,  with  a good  rotation  of 
crops,  would  in  time  double  or  treble  the  yield  of  wheat,  corn,  and  other  crops, 
on  most  farms. 

Until  the  supply  of  decaying  organic  matter  has  been  made  adequate,  some 
temporary  benefit  may  be  derived  from  the  use  of  a soluble  salt  or  a mixture  of 
salts,  such  as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble 
form  and  also  some  common  salt  (sodium  chlorid).  About  600  pounds  per  acre 
of  kainit  applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve 
the  phosphorus  as  well  as  furnish  available  potassium  and  magnesium,  and  for 
a few  years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic 
matter.  The  evidence  thus  far  secured,  however,  indicates  that  its  use  is  not  ab- 
solutely necessary  and  that  it  will  not  be  profitable  after  adequate  provision  is 
made  for  decaying  organic  matter,  which  contains  some  potassium  and  liberates 
additional  supplies  from  the  soil. 

Fortunately,  some  definite  field  experiments  have  already  been  conducted 
on  some  of  these  most  extensive  types  of  soil  in  the  lower  Illinois  glaciation,  as 
at  DuBois  in  Washington  county,  at  Fairfield  in  Wayne  county,  and  at  Raleigh 
in  Saline  county.  Before  considering  in  detail  the  individual  soil  types,  it  seems 
advisable  to  study  some  of  the  results  already  obtained  where  definite  systems 
of  soil  improvement  have  been  tried  out  on  some  of  these  experiment  fields  in 
different  parts  of  southern  Illinois. 
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Results  of  Field  Experiments  at  DuBois 

In  Tables  3 and  4 are  recorded  some  exceedingly  valuable  and  instructive 
data.  These  results  have  been  secured  by  twelve  years  of  actual  trial  on  the  most 
common  type  of  soil  in  Bond  county,  gray  silt  loam  on  tight  clay,  which  is  also 
a very  common  type  in  Washington  county,  where  the  DuBois  experiment  field 
is  located. 


Table  3. — Crop  Yields  in  Soil  Experiments,  DuBois  Field:  Not  Tile-drained 


Gray  silt  loam  on 
tight  clay;  lower 
Illinois  glaciation 

Corn 

1902 

Oats 

1903 

Wheat 

1904 

Clover 

1905 

Corn 

1906 

Oats 

1907 

Wheat 

1908 

Soy- 

beans 

1909 

Corn 

1910 

Oats 

1911 

Clover 
1912  1 

Wheat 

1913 

+3 

Soil 

O 

treatment 

Bushels  or 

tons  per  acre 

£ 

applied 

101 

None 

6.4 

9.4 

6.3 

1.25 

30.3 

18.8 

.8 

3.5  1 

25.8 

13.1 

.46 

7.7 

102 

Lime 

6.7 

16.2 

6.5 

1.57 

35.2 

28.8 

8.0 

6.7 

26.2 

24.1 

40 

8.7 

103 

Lime,  crop  res.  . . . 

5.9 

18.1 

11.0 

1.78 

38.0 

38.1 

| 8.5 

7.2 

33.6 

31.9 

(.92) 

14.7 

104 

Lime,  phos 

13.4 

25.9 

25.0 

2.42 

38.7 

43.8 

17.8 

8.5 

17.6 

40.9 

1.02 

21.0 

105 

Lime,  potas 

11.6 

27.5 

16.2 

2.22 

48.8 

37.2 

| 14.8 

9.3 

65.6 

29.1 

.81 

16.8 

106 

Lime,  res.,  phos. . . 

9.3 

25.0 

32.7 

2.30 

32.3 

46.6 

19.8 

8.2 

30.0 

35.9 

(2.42) 

29.7 

107 

Lime,  res.,  potas. . 

6.8 

23.8 

20.2 

2.34 

43.6 

43.8 

16.5 

7.8 

67.6 

29.1 

(3.92) 

21.0 

108 

Lime,  phos.,  potas. 

12.4 

30.0 

27.5 

2.86 

48.9 

50.0 

20.8 

9.5 

73.2 

35.3 

1.34 

30.2 

109 

Lime,  res.,  phos., 

1 

potas 

10.4 

29.1 

33.3 

2.83 

46.3 

46.6 

19.7 

7.8 

73.2 

38.8 

(3.00) 

30.2 

110 

Res.,  phos.,  potas. . 

2.0 

25.6 

27.3 

2.59 

39.9 

36.9 

10.0 

6.3 

66.8 

26.6 

(1.67) 

10.7 

Average  Increase:  Bushels  or  Tons  per  Acre 


For  lime 

.3 

6.8 

.2 

.32 

4.9 

10.0 

7.2 

I 3.2 

.4 

11.0 

-.06 

1.0 

For  residues 

-.8 

1.9 

4.5 

.21 

2.8 

9.3 

.5 

.5 

7.4 

7.8 

.52 

6.0 

For  phosphorus 

For  potassium 

6.7 

9.7 

18.5 

.85 

3.5 

15.0 

9.8 

1.8 

-8.6 

16.8 

.62 

12.3 

4.9 

11.3 

9.7 

| .65 

13.6 

8.4 

6.8 

2.6 

39.4 

5.0 

.41 

8.1 

For  res.,  phos. 

over  phos 

-4.1 

-.9 

7.7 

-.12 

-6.4 

2.8 

2.0 

-.3 

12.4 

-5.0 

1.40 

8.7 

For  phos.,  res. 

over  res 

3.4 

6.9 

21.7 

.52 

-5.7 

8.5 

11.3 

1.0 

-3.6 

4.0 

1.50 

15.0 

For  potas.,  res.,  phos. 
over  res.,  phos. . . 

1.1 

4.1 

.6 

.53 

.14.0 

0.0 

-.1 

-.4 

43.2 

2.9 

.58 

.5 

Value  of  Crops  per  Acre*  in  Twelve  Years 


Plot 

Soil  treatment  applied 

Total  value  of 
twelve  crops 

Value  of 
increase 

101 

$58.39 

102 

79.33 

$20.94 

103 

Lime,  residues 

100.88 

42.49 

104 

Lime,  phosphorus 

131.37 

72.98 

105 

Lime,  potassium 

133.18 

74.79 

106 

Lime,  residues,  phosphorus 

151.37 

92.98 

107 

Lime,  residues,  potassium 

156.06 

97.67 

108 

Lime,  phosphorus,  potassium 

171.32 

112.93 

109 

Lime,  residues,  phosphorus,  potassium 

180.83 

122.44 

110 

Residues,  phosphorus,  potassium 

130.23 

71.84 

Value  of  Increase  per  Acre  in  Twelve  Years 

Cost  of 

increase 

For  lime 

$20.94 

$10.00? 

For 

residues 

21.55 

? 

For  phosphorus 

52.04 

30.00 

For  residues  and  phosphorus  over  phosphorus 

20.00 

? 

For  phosphorus  and  residues  over  residues 

50.48 

30.00 

For  potassium,  residues,  and  phosphorus  over  residues 

and  phosphorus 

29.46 

30.00 

1 Figures  in  parentheses  indicate  bushels  of  seed;  the  others,  tons  of  hay. 
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Has  tile  drainage  been  profitable?  There  are  120  comparisons  which  bear 
on  the  answer  to  this  question,  and  the  average  of  all  these  results  summarized 
in  terms  of  value  shows  that  the  tile  drainage  has  paid  $5.59  per  acre  in  twelve 
years,  or  47  cents  per  acre  for  each  year;  whereas  it  would  require  at  least  $1.20 
an  acre  a year  to  pay  6 percent  interest  on  the  cost  of  the  tile  drainage,  the  lines 
of  tile  being  laid  five  rods  apart  at  a cost  of  not  less  than  $20  per  acre. 


Table  4. — Crop  Yields  in  Soil  Experiments,  DuBois  Field:  Tile-drained 


Gray  silt  loam  on 
tight  clay;  lower 
Illinois  glaciation 

Corn 

1902 

Oats 

1903 

(wheat 

1904 

Clover 

1905 

(Corn 

1906 

Oats 

1907 

Wheat 

1908 

Soy- 

beans 

1909 

Corn 

1910 

Oats 

1911 

Clover 

19121 

Wheat 

1913 

Soil 

o 

treatment 

Bushels  or 

tons  per  acre 

E 

applied 

in 

None 

1.4 

17.2 

3.3 

1 1.29 

32.5 

13.1 

4.3 

3.3 

27.4 

12.2 

.40 

6.7 

112 

Lime 

3.3 

! 17.2 

11.5 

1.72 

33.6 

23.8 

11.0 

6.2 

29.0 

19.4 

.66 

16.5 

113 

Lime,  crop  res .... 

2.7 

20.6 

9.2 

1.79 

31.7 

30.0 

14.5 

6.7 

36.6 

27.2 

(1.83) 

21.5 

114 

Lime,  phos 

6.5 

27.5 

28.3 

2.27 

29.7 

31.9 

19.2 

7.2 

22.2 

30.9 

.71 

22.8 

115 

Lime,  potas 

4.9 

27.2 

14.7 

2.16 

47.5 

46.3 

16.2 

7.8 

64.2 

26.6 

.85 

21.8 

116 

Lime,  res.,  phos.  . . 

8.0 

33.8 

31.2 

2.44 

30.5 

45.9 

19.5 

8.8 

39.4 

35.6 

(2.50) 

37.2 

117 

Lime,  res.,  potas.  . 

7.3 

27.2 

23.3 

2.52 

48.3 

39.1 

18.5 

10.2 

74.6 

32.2 

(2.75) 

28.8 

118 

Lime,  phos.,  potas. 

14.1 

25.6 

32.2 

2.95 

55.2 

44.4 

23.0 

10.3 

76.4 

33.4 

1.31 

30.8 

no 

Lime,  res.,  phos., 

potas 

10.4 

31.9 

30.5 

2.89 

51.6 

42.2 

21.3 

11.3 

75.8 

38.8 

(2.33) 

29.5 

120 1 

Res.,  phos.,  potas. 

4.8 

33.1 

28.2 

2.79 

50.7 

35^3 

12.0 

6.7 

65.4 

28.1 

(1.83) 

24.0 

Average  Increase:  Bushels  or  Tons  per  Acre 


For  lime 

1.9 

.0 

8.2 

.43 

1.1 

10.7 

6.7 

2.9 

1.6 

7.2 

.26 

9.8 

For  residues 

-.6 

3.4 

-2.3 

.07 

-1.9 

6.2 

3.5 

.5 

7.6 

7.8 

1.17 

5.0 

For  phosphorus 

For  potassium 

3.2 

10.3 

16.8 

.55 

-3.9 

8.1 

8.2 

1.0 

-6.8 

11.5 

.05 

6.3 

1.6 

10.0 

3.2 

.44 

13.9 

22.5 

.5.2 

1.6 

35.2 

7.2 

.19 

5.2 

For  res.,  phos. 

over  phos 

1.5 

6.3 

2.9 

.17 

.8 

14.0 

.3 

1.6 

17.2 

4.7 

1.79 

14.4 

For  phos.,  res. 

over  res 

5.3 

13.2 

22.0 

.65 

-1.2 

15.9 

5.0 

2.1 

2.8 

8.4 

.67 

15.7 

For  potas.,  res.,  phos. 
over  res.,  phos.  . . 

2.4 

-1.9 

-.7 

.45 

21.1 

-3.7 

1.8 

2.5 

36.4 

3.2 

-.17 

-7.7 

Value  of  Crops  per  Acre  in  Twelve  Years 


Plot 

Soil  treatment  applied 

Total  value  of 
twelve  crops 

Value  of 
increase 

111 

None 

$ 57.66 
88.97 

112 

Lime 

$ 31.31 

113 

114 

115 

Lime,  residues 

Lime,  phosphorus 

Lime,  potassium 

108.25 

121.82 

133.59 

50.59 

64.16 

75.93 

116 

[Lime,  residues,  phosphorus 

161.83 

104.17 

117 

Limp,  residues.  nntassium 

166.36 

108.70 

| t 7 ~ 7 X 

118  Lime,  phosphorus,  potassium 

178.08 

120.42 

119lLime,  residues,  phosphorus,  potassium 

181.63 

123.97 

120  (Residues,  phosphorus,  potassium 

150.62 

92.96 

Value  of  Increase  per  Aero  in  Twelve  Years 

Cost  of 
increase 

For 

For 

residues 

$31.31 

19.28 

$10.00? 

? 

For  phosphorus 

33.85 

30.00 

For  residues  and  phosphorus  over  phosphorus 

For  phosphorus  and  residues  over  residues 

For  potassium,  residues,  and  phosphorus  over  residues 

and  nhosnhorus 

40.01 

53.58 

19.80 

? 

30.00 

30.00 

1 Figures  in  parentheses  indicate  bushels  of  seed ; the  others  tons  of  hay. 
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Is  the  application  of  lime  and  phosphorus  of  benefit  on  this  type  of  soil? 
The  answer  to  this  question  is  found  in  the  fact  that  the  value  of  the  twelve  crops 
on  the  untreated  land  amounted  to  only  $58.02,  -whereas  the  value  of  the  in- 
crease produced  by  lime  and  phosphorus  was  $68.58,  as  an  average  of  the  two. 
series.  In  other  words,  this  treatment  has  resulted  in  an  increase  greater  than  the 
crop  produced  by  the  unaided  land,  raising  the  crop  values  from  $58.02  to 
$126.60,  counting  corn  at  35  cents  a bushel,  oats  at  30  cents,  wheat  at  70  cents, 
hay  at  $6  a ton,  clover  seed  at  $6  a bushel,  and  soybeans  at  $1  a bushel — prices 
that  are  probably  sufficiently  below  the  ten-year  average  to  provide  for  the  ex- 
pense of  application  and  of  harvesting  and  marketing  the  increase.  1 1 should  be 
stated,  too,  that  the  application  of  lime  and  phosphorus  has  produced  a marked 
improvement  in  the  quality  of  the  crops  (especially  in  the  wheat  and  clover),  for 
which  credit  is  not  given  in  these  values. 

The  materials  used  per  acre  in  these  experiments  were  as  follows : 5 tons  of 
slaked  burned  lime  (applied  only  at  the  beginning  of  the  experiments),  2400 
pounds  of  steamed  bone  meal  (800  pounds  for  each  four-year  rotation),  and  1200 
pounds  of  potassium  sulfate  (400  pounds  for  each  rotation).  Other  investiga- 
tions (reported  in  Circulars  110,  127,  157,  165,  and  168)  have  shown  that  ground 
natural  limestone  and  fine-ground  natural  rock  phosphate  are  more  economical 
and  profitable  forms  of  lime  and  phosphorus,  and  that  the  same  effect  produced 
by  potassium  sulfate  can  also  be  secured  at  much  less  expense  either  by  means  of 
decaying  organic  matter  (from  crop  residues,  green-manure  crops,  or  farm  ma- 
nure) , or  by  the  use  of  less  expensive  soluble  salts,  such  as  kainit,  as  shown  in 
the  Appendix.  If  ground  limestone  had  been  used  on  the  DuBois  field,  $10 
would  have  paid  for  the  full  equivalent  of  the  slaked  lime  applied,  and  allowing 
$30  for  the  bone  meal  (its  actual  cost),  we  find  that  the  increase  produced  has 
paid  for  the  materials  and  left  a net  profit  of  $2.38  per  acre  per  annum,  or  70 
percent  above  the  cost.  As  an  average  of  both  series,  lime  alone  has  paid  back 
$26.12  per  acre  in  twelve  years,  and  phosphorus  used  in  addition  to  lime  and 
crop  residues  has  paid  back  $52.03.  Furthermore,  about  one-third  of  the  lime 
applied  and  at  least  two-thirds  of  the  phosphorus  applied  still  remain  in  the  soil 
for  the  benefit  of  future  crops. 

The  potassium  (kalium)  applied  during  the  twelve  years  has  cost  $30,  and 
when  applied  in  addition  to  lime,  phosphorus,  and  crop  residues,  it  has  produced 
increases  valued  at  $24.63,  leaving  a loss  of  45  cents  per  acre  per  annum.  Further- 
more, the  potassium  removed  is  equal  to  the  total  amount  applied. 

On  five  duplicate  plots  in  the  DuBois  field  commercial  nitrogen  was  used 
either  alone  or  with  other  elements  during  the  first  three  years,  but  at  a large 
financial  loss  and  with  no  apparent  residual  effect.  Since  1907,  a system  has 
been  adopted  for  these  plots  which  supplies  both  nitrogen  and  organic  matter 
by  means  of  crop  residues.  A study  of  the  detailed  results  shows  an  increasing 
effect  from  the  organic  matter  thus  supplied.  The  value  of  the  increase  pro- 
duced by  the  crop  residues  during  the  last  rotation  (four  years)  was  $13.89  per 
acre  where  they  were  used  over  lime,  and  $22.79  where  they  were  used  over  both 
lime  and  phosphorus,  this  representing  the  average  of  the  two  series  of  plots.  The 
corresponding  figures  for  the  gross  return  from  $45  worth  of  commercial  nitro- 
gen used  during  the  first  rotation  are  $2.16  and  $4.21. 
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$58.39  $79.33  $100.88  $131.37  $133.18  $151.37  $156.06 

Plate  1. — Crop  Values  for  Twelve  Years 
DuBois  Experiment  Field:  Land  Not  Tile-drained 
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(L — lime  or  limestone;  R — residues;  P =phosphorus;  K=potassium,  or  kalium) 
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Plate  2. — Crop  Values  for  Twelve  Years 
DuBois  Experiment  Field;  Land  Tile-drained 
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It  should  be  kept  in  mind  that  the  first  clover  to  be  plowed  under  on  the 
DuBois  field  was  in  1912,  the  system  of  supplying  nitrogen  in  crop  residues  hav- 
ing been  practiced  only  since  1907,  and  the  clover  having  failed  in  1908  owing 
to  drouth.  The  small  soybean  crop  of  1909  furnished  but  little  straw,  and  the 
other  straw  and  corn  stalks  are  of  slow  action,  so  that  final  conclusions  cannot 
yet  be  drawn  as  to  the  benefit  of  crop  residues  when  the  system  is  fully  under 
way.  Of  course  these  organic  residues  are  provided  not  only  to  furnish  nitro- 
gen, but  also  to  aid  the  liberation  of  mineral  plant  food,  especially  potassium. 
In  this  connection  a study  of  the  effect  of  potassium  is  important. 

It  is  an  interesting  fact  that  in  aggregate  value  and  on  the  corn  crop,  po- 
tassium has  produced  thus  far  an  even  larger  benefit  than  phosphorus.  Either 
one  of  these  elements  has  paid  well  when  used  without  the  other ; whereas  neither 
has  paid  its  cost  when  used  in  addition  to  the  other. 

The  soil  type  of  the  DuBois  field  contains  in  2 million  pounds  of  surface 
soil  about  800  pounds  of  phosphorus  and  25,000  pounds  of  potassium.  After 
limestone  and  organic  matter  carrying  nitrogen  have  been  supplied,  phosphorus 
is  the  only  addition  that  is  absolutely  essential  for  the  maintenance  of  plant  food 
in  permanent  rational  systems  of  farming. 

A summary  of  the  twelve  years’  results  shows,  as  an  average  of  the  two 
series,  a crop  value  of  $58.02  per  acre  from  the  unfertilized  land,  and  increased 
values  as  follows: 


For  lime  alone  $ 26.12  or 

For  nitrogen  and  organic  matter  over  lime 20.41  or 

For  phosphorus  as  a further  addition 52.03  or 

For  potassium  as  a final  addition 24.63  or 


45  percent 
24  percent 
50  percent 
16  percent 


For  total  increase  over  untreated  land $123.19  or  212  percent 

Thus  arranged,  the  field  results  are  in  harmony  with  what  might  be  ex- 
pected from  the  chemical  composition  of  the  soil.  It  should  be  noted  that,  of  the 
$24.63  credited  to  potassium,  $13.93,  or  more  than  half,  is  due  to  its  very 
marked  effect  upon  the  corn  crop  of  1910,  when  the  corn  on  all  potassium  plots 
seemed  to  possess  unusual  power  of  resistance  against  adverse  conditions,  in- 
cluding an  attack  by  chinch  bugs.  The  com  crop  of  1906  also  showed  benefit 
from  potassium,  $6.14.  Thus  $20.07,  or  four-fifths  of  the  benefit,  was  produced 
in  two  of  the  twelve  crops.  With  the  inadequate  supply  of  active  organic  mat- 
ter thus  far  provided,  potassium  applied  without  phosphorus  seems  to  have  in- 
fluenced the  ‘liberation  of  phosphorus  from  the  soil  itself,  so  that  the  benefit  of 
this  stimulating  action,  combined  with  the  possible  direct  benefit  of  soluble 
potassium  applied  for  its  own  sake,  has  exceeded  temporarily  the  direct  benefit 
of  applied  phosphorus.  It  must  be  plain,  however,  that  no  system  can  be  per- 
manent which  does  not  provide  for  the  application  of  phosphorus;  and  that  if 
one  desires  to  make  the  most  rapid  progress  in  the  improvement  of  such  soil, 
he  should  use  limestone,  phosphorus,  and  kainit,  until  the  supply  of  organic 
manures  becomes  sufficient  to  render  the  continued  use  of  kainit  unprofitable. 
From  the  information  given  in  the  Appendix,  it  will  be  seen  that  kainit  pro- 
duces greater  benefit  than  potassium  sulfate,  and  at  less  expense ; so  that,  while 
potassium  sulfate  in  addition  to  phosphorus  has  been  used  with  loss  on  the 
DuBois  field,  if  kainit  were  substituted  for  sulfate  it  might  add  to  the  total 
profits,  at  least  until  the  soil  could  be  well  filled  with  active  organic  matter  from 
crop  residues  or  farm  manure. 
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The  beneficial  effect  of  soluble  potassium  where  no  phosphorus  has  been 
added,  over  a period  of  twelve  years,  on  the  DuBois  field,  and  the  fact  that 
sodium,  an  element  which  has  no  value  as  plant  food,  produced  exactly  the  same 
increase  as  potassium  over  a period  of  twice  twelve  years  on  Broadbalk  field  at 
Rothamsted,  only  support  the  following  statement  quoted  on  page  208  of  Bulle- 
tin 123,  “The  Fertility  in  Illinois  Soils”: 

“In  considering  the  general  subject  of  culture  experiments  for  determin- 
ing fertilizer  needs,  emphasis  must  be  laid  on  the  fact  that  such  experiments 
should  never  be  accepted  as  the  sole  guide  in  determining  future  agricultural 
practice.  If  the  culture  experiments  and  the  ultimate  chemical  analysis  of  the 
soil  agree  in  the  deficiency  of  any  plant-food  element,  then  the  information  is 
conclusive  and  final;  but  if  these  two  sources  of  information  disagree,  then  the 
culture  experiments  should  be  considered  as  tentative  and  likely  to  give  way 
with  increasing  knowledge  and  improved  methods  to  the  information  based  on 
chemical  analysis,  which  is  absolute.”1 

Results  of  Field  Experiments  at  Fairfield 

The  Fairfield  experiment  field  is  divided  into  four  tracts  of  ten  acres  each, 
and  cultivated  in  a four-year  rotation,  consisting  of  corn,  cowpeas  or  soybeans, 
wheat,  and  clover.  If  the  clover  fails,  cowpeas  or  soybeans  may  be  substituted 
for  that  season ; if  the  winter  wheat  fails,  oats  may  be  substituted  in  the  spring. 

One  half  of  the  field,  or  twenty  acres,  is  tile-drained,  while  the  other  half 
has  only  the  ordinary  surface  drainage  as  commonly  provided  by  plowing  in 
rather  narrow  lands  and  keeping  the  middle  furrows  open.  On  both  the  tiled 
and  the  untiled  land  grain  farming  is  practiced  on  one  half  and  live-stock  farm- 
ing on  the  other  half.  A part  of  each  of  these  divisions  is  treated  with  two  tons 
of  limestone  and  one  ton  of  fine-ground  raw  rock  phosphate,  per  acre,  every  four 
years,  while  another  part  is  not  so  treated. 

In  the  system  of  grain  farming,  all  produce  except  the  grain  or  seed  is  re- 
turned to  the  land,  while  in  the  live-stock  farming  all  produce  (or  its  equivalent) 
is  used  for  feed  and  bedding  and  the  manure  returned  to  the  land  in  propor- 
tion to  the  crop  yields  produced  during  the  previous  rotation.  Thus,  if  the 
land  treated  with  manure,  limestone,  and  phosphate  produces,  as  an  average 
in  one  rotation,  one-half  larger  crops  than  the  land  which  receives  manure  alone, 
then  one-half  more  manure  is  applied  to  that  land  for  the  following  rotation. 
Likewise,  in  the  grain  system,  the  clover  and  other  crop  residues  returned  are 
in  proportion  to  the  yield  produced  during  the  rotation  on  the  respective  parts 
of  the  field.  It  should  be  stated  that  during  the  first  rotation  the  manure  was 
applied  in  the  same  amount  (8  tons  per  acre)  on  all  fields  in  the  live-stock 
system. 

The  regular  plan  is  to  apply  the  phosphate  and  plow  it  under  with  manure 
or  other  organic  matter,  and  to  apply  the  limestone  immediately  after  the  ground 
is  plowed  for  wheat,  in  order  that  the  limestone  may  be  mixed  with  the  surface 
soil  in  the  preparation  of  the  seed-bed  where  clover  is  to  be  seeded  the  following 

1Taken  from  ‘ 1 Culture  Experiments  for  Determining  Fertilizer  Needs,  ” by  C.  G.  H.  in 
Cyclopedia  of-  American  Agriculture,  Volume  I,  page  475. 
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spring.  However,  the  time  and  method  of  application  are  very  secondary  mat- 
ters ; the  important  thing  is  to  get  the  limestone  and  phosphate  on  the  land  and 
well  mixed  with  the  plowed  soil,  altho  it  is  better  to  mix  one  with  the  soil  before 
applying  the  other,  because  when  applied  in  intimate  contact  with  each  other 
the  limestone  tends  temporarily  to  lessen  the  availability  of  the  phosphorus,  prob- 
ably by  immediately  neutralizing  the  nitric,  carbonic,  and  organic  acids  pro- 
duced in  the  decay  of  organic  matter. 

At  $1.25  a ton  for  limestone  and  $7.50  a ton  for  rock  phosphate,  the  cost 
of  those  materials  for  four  years  amounts  to  $10  an  acre.  After  three  or  four 
rotations,  however,  the  phosphate  applications  will  be  reduced  to  about  one-half 
ton,  which  will  reduce  the  annual  expense  to  about  $1.50  per  acre.  This  expense 
would  be  practically  covered  by  an  increase  of  4 bushels  of  corn,  iy2  bushels  of 
cowpeas  or  soybeans,  2 bushels  of  wheat,  or  y4  ton  of  hay,  at  very  moderate 
prices. 

In  Tables  5,  6,  7,  and  8 are  recorded  the  crop  yields  obtained  since  experi- 
ments were  begun  on  four  different  series  of  plots  on  the  Fairfield  field.1  Only 
two  series  were  under  experiment  during  the  first  year  (1905),  and  all  the  first 
four  years  are  to  be  considered  as  preliminary,  in  part  because  of  the  impossi- 
bility of  securing  the  ordinary  benefits  of  a four-year  rotation  during  the  first 
rotation  period,  in  part  because  during  the  first  four  years,  in  the  live-stock 
system,  the  manure  was  applied  uniformly  regardless  of  crop  yields,  and,  in 
particular,  because  the  present  plan  of  returning  crop  residues  was  not  begun 
until  the  end  of  the  first  four  years,  whereas  the  use  of  manure  was  begun  the 
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Plate  3. — Clover  on  Fairfield  Experiment  Field,  1910.  (The  first  crop,  shown  in  pho- 
tographs, WAS  CLIPPED  AND  LEFT  ON  THE  LAND;  THE  SECOND  CROP  PRODUCED  NO  CLOVER 
SEED  ON  THE  UNTREATED  LAND,  BUT  1%  BUSHELS  WERE  HARVESTED  WHERE  THE  LIMESTONE 
AND  PHOSPHATE  WERE  APPLIED  WITH  NO  POTASSIUM  SALTS) 


KRher  parts'  of  this  experiment  field  are  used  for  investigations  relating  to  crop  produc- 
tion, such  as  the  testing  of  varieties. 
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first  year  (1905)  on  Series  100,  the  second  year  (1906)  on  Series  400,  the  third 
year  (1907)  on  Series  300,  and  the  fourth  year  (1908.)  on  Series  200. 

In  the  fall  and  winter  of  1905-06  a system  of  tiling  with  a good  grade  and 
a satisfactory  outlet  was  laid.  Four-inch  tiles  were  placed  only  four  rods  apart, 
the  two  lines  on  the  east  half  of  each  series  about  20  to  24  inches  deep  and  the 
two  on  the  west  half  about  36  to  40  inches  deep.  Before  the  ditches  were  filled, 
the  tile  in  Series  400  was  covered  with  about  4 inches  of  gravel,  that  in  Series 
300  with  4 inches  of  cinders,  and  that  in  Series  200  with  6 inches  of  straw.  In 
Series  100  the  tile  was  covered  with  only  the  natural  dirt.  Some  of  the  tiled 
land  of  this  field  is  more  nearly  level  than  the  untiled  land,  altho  the  entire  field 
is  what  would  be  called  level  prairie  land. 

As  an  average  of  all  results  reported  in  Tables  5,  6,  7,  and  8,  from  these 
four  series  of  plots,  the  tile  drainage  has  paid  $9.11  per  acre  in  eight  years,  or 
$1.14  per  acre  for  each  year;  whereas  it  would  require  at  least  $1.50  an  acre  a 
year  to  pay  6 percent  interest  on  the  cost  of  the  tile  drainage,  which  was  not 
less  than  $25  per  acre.  It  may  be  added,  however,  that  for  the  last  four  years 
the  average  increased  value  resulting  from  tiling  has  been  $1.80  per  acre  per 
year,  which  would  pay  a fair  rate  of  interest  on  the  investment  if  the  cost  of 
tiling  did  not  exceed  $30  per  acre. 

While  it  is  very  possible  that,  with  the  continued  use  of  clover  (the  “best 
subsoiler”)  in  the  rotation,  the  tile  drainage  may  ultimately  prove  to  be  a profit- 
able investment,  it  is  plain  that  the  first  requisites  for  the  improvement  of  this 
soil  are  limestone,  phosphorus,  and  organic  matter. 


Plate  4. — Clover  on  Fairfield  Experiment  Field,  1910.  (The  first  crop,  shown  in 

PHOTOGRAPH,  MADE  % TON  OF  FOUL  GRASS  WITH  BUT  LITTLE  CLOVER  WHERE  MANURE  ALONE 
WAS  USED,  AND  2%  TONS  OF  CLEAN  CLOVER  HAY  WHERE  THE  SAME  AMOUNT  OF  MANURE 
WAS  USED  WITH  LIMESTONE  AND  PHOSPHATE  WITH  NO  POTASSIUM  SALTS) 
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As  a general  average  of  both  systems  of  farming  on  both  the  tiled  and  the 
untiled  land,  on  all  series,  the  increases  produced  by  limestone  and  phosphorus 
during  the  first  rotation  were  valued  at  $9.94*  an  acre,  or  about  the  cost  of  these 
materials  delivered  at  most  railroad  stations  in  southern  Illinois.  The  values  of 
the  increases  in  the  second  rotation  averaged  $24.19,  or  nearly  two  and  one-half 
times  the  cost  of  the  second  application  of  both  limestone  and  phosphate.  These 
increases  should  be  still  further  augmented  in  the  third  rotation  because  of  the 
larger  amount  of  organic  manures  to  be  returned  to  the  better  yielding  land 
and  because  of  the  continued  positive  enrichment  of  the  soil  in  phosphorus  and 
limestone. 

During  the  first  four  years,  the  limestone  and  phosphate,  costing  $10,  pro- 
duced a gain  valued  at  $7.42  when  applied  without  organic  matter,  and  a gain  of 
$12.46  when  applied  with  farm  manure;  and  during  the  second  four  years  the 
increases  due  to  $10  worth  of  limestone  and  phosphate  were  valued  at  $19.44 
when  applied  with  crop  residues  and  $28.93  when  applied  with  farm  manure. 
By  referring  to  the  Appendix  (page  57),  it  will  be  seen  that  on  the  Fairfield 
field  potassium  salts  have  produced  almost  no  effect  when  used  in  connection  with 
farm  manure;  whereas  the  largest  effect  thus  far  secured  from  limestone  and 
phosphate  has  been  obtained  where  these  materials  are  applied  with  farm  ma- 
nure. It  will  be  noted,  however,  that  their  effect  was  greater  with  crop  residues 
during  the  second  rotation  than  with  farm  manure  during  the  first.  Since  the 
use  of  crop  residues  in  these  experiments  was  not  begun  until  four  years  after 
the  first  application  of  manure,  no  conclusion  is  justified  as  to  whether  the  resi- 
due system  or  the  manure  system  will  ultimately  prove  best  for  this  soil.  The 
important  thing  is  that  the  soil  can  be  profitably  enriched  by  either.  A cross 
comparison  of  the  average  crop  values  of  the  four  series  of  plots  shows  the  value 
of  four  crops  as  $25.41  with  the  use  of  farm  manure  and  $24.18  with  the  use  of 
crop  residues,  and  perhaps  this  is  reasonably  trustworthy.  Where  limestone  and 

Table  9. — Crop  Values  per  Acre,  Fairfield  Experiment  Field 


First  Rotation:  Average  of  Four  Series 


Soil  treatment 

None 

Farm  manure 

Limestone 

Phosphate 

Farm  manure 
Limestone 
Phosphate 

Value  of  four  crops 

$20.84 

$25.41 

$28.26 

$37.87 

Second  Rotation:  Average  of  Four  Series 


Soil  treatment 

Crop  residues 

Farm  manure 

Crop  residues 
Limestone 
Phosphate 

Farm  manure 
Limestone 
Phosphate 

Value  of  four  crops 

$24.18 

$29.51 

$43.62 

$58.45 

Attention  is  here  called  to  the  fact  reported  in  the  Appendix  (page  57)  that  at  Fair- 
field  where  potassium  salts  are  applied  to  one  half  of  the  land  under  experiment  they  produce 
practically  no  effect  on  the  manured  land,  while  the  effect  is  very  appreciable  on  the  unmanured 
land.  Altho  the  potassium  salts  are  applied  to  one  half  of  the  check  plots  the  same  as  to  one 
half  of  the  land  receiving  limestone  and  phosphorus,  so  that  the  $9.94  is  the  actual  increase 
produced  by  the  limestone  and  phosphorus  above  the  return  from  the  land  otherwise  treated 
the  same,  nevertheless  there  is  a possibility  that  on  part  of  the  land  represented  in  this  result 
the  effect  of  the  potassium  salts  was  different  where  used  with  limestone  and  phosphorus  than 
where  used  alone.  No  potassium  salts  had  been  applied  to  the  land  where  the  accompanying 
photographs  were  taken. 
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phosphate  are  also  used,  the  corresponding  values  are  $37.87  with  manure  and 
$43.62  with  residues,  but  this  is  not  a fair  comparison  because  the  last  value 
($43.62)  was  secured  where  two  applications  of  limestone  and  phosphate  had 
been  made  (see  Table  9). 

In  Table  9 are  summarized  concisely  the  results  of  the  eight  years’  work. 
When  considered  in  relation  to  the  possible  profitable  improvement  of  the  most 
extensive  soil  type  in  Bond  county,  the  importance  of  these  figures  can  scarcely 
be  estimated.  It  should  be  remembered,  too,  that  this  soil  is  also  the  most  com- 
mon type  in  about  twenty  counties  in  southern  Illinois. 

Here  we  have  untreated,  well-rotated  land  producing  $20.84  per  acre  in 
four  years ; while  $58.45  is  the  value  at  the  same  prices  for  the  same  four  crops 
on  land  receiving  three  natural  fertilizers — farm  manure,  ground  limestone,  and 
fine-ground  raw  rock  phosphate.  If  it  costs  $5  an  acre  a year  to  farm  the  un- 


0 M LP  MLP  R M RLP  MLP 

$20.84  $25.41  $28.26  $37.87  $24.18  $29.51  $43.62  $58.45 

First  Rotation  Second  Rotation 

Plate  5. — Crop  Values  for  Four  Years  Fairfield  Experiment  Field 

(L=lime  or  limestone;  R=residues;  P^phosphorus;  K=potassium,  or  kalium; 

N —nitrogen ; M=manure  ) 
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treated  land,  only  21  cents  remains  to  pay  the  taxes,  with  nothing  for  interest ; 
moreover,  the  practice  of  leaving  land  untreated  means  a gradual  soil  depletion, 
which  leads  only  to  future  poverty  and  ruin.  If  the  land  would  sell  at  $50  an 
acre  and  if  money  is  worth  5 percent,  then  there  is  essentially  an  annual  expense 
of  $2.50  an  acre  for  which  there  is  no  return ; but  if  $2.50  per  acre  per  annum  is 
invested  in  limestone  and  phosphate  in  a rational  system  of  farming,  it  pays  back 
an  average  of  100  percent  during  the  first  rotation,  and  of  194  to  289  percent  dur- 
ing the  second  rotation;  and  this  is  in  addition  to  the  returns  from  the  crop 
residues  and  farm  manure.  Moreover,  this  is  a system  of  positive  soil  enrich- 
ment which  leads  to  the  protection  of  property  and  to  prosperity. 

The  crop  residues  include  the  corn  stalks,  straw  from  wheat  or  oats  and 
from  soybeans  or  cowpeas,  cover  crops,  and  all  clover  except  the  seed.  In  the 
live-stock  system  as  many  tons  of  fresh  manure  are  applied  to  the  land  as  the 
average  number  of  tons  of  air-dry  produce  taken  off  in  crops  during  the  previous 
rotation — an  amount  easily  produced  by  using  the  crops  for  feed  and  bedding. 

The  prices  used  in  all  these  computations  are  35  cents  a bushel  for  corn,  30 
cents  for  oats,  70  cents  for  wheat,  $1  for  soybeans  and  cowpeas,  $6  for  clover 
seed,  and  $6  a ton  for  hay.  These  prices  are  stated  conservatively  in  order  to 
avoid  any  possible  exaggeration.  If  higher  prices  were  used,  the  computed  re- 
turns from  the  land  and  treatment  would  of  course  be  increased  accordingly.  In 
some  localities  the  expense  of  hauling  will  be  greater  than  in  others;  but  it  is 
believed  that  the  prices  used  provide  ample  margin  for  average  conditions.  The 
data  are  reported  in  detail  so  that  any  one  can  make  other  computations  if  de- 
sired. 

Results  from  some  other  field  experiments  are  recorded  in  connection  with 
the  description  of  individual  soil  types. 

The  Subsurface  and  Subsoil 

In  Tables  10  and  11  are  recorded  the  amounts  of  plant  food  in  the  sub- 
surface and  the  subsoil  of  Bond  county.  It  should  be  remembered  that  these 
supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.  Probably  the  most 
important  information  contained  in  these  tables  is  that  the  common  soils  of  the 
county  are  much  more  strongly  acid  in  the  subsurface  and  the  subsoil  than  in 
the  surface.  This  emphasizes  the  importance  of  having  plenty  of  limestone  in 
the  surface  to  neutralize  the  acid  moisture  which  rises  from  the  lower  strata  by 
capillary  action  during  periods  of  partial  drouth,  which  are  critical  periods  in 
the  life  of  such  plants  as  clover.  Thus,  while  the  deep  brown  silt  loam  bottom- 
land and  the  black  silt  loam  on  clay  of  the  prairie  are  practically  neutral,  the 
vast  areas  of  the  common  soils  of  the  county  are  greatly  in  need  of  limestone; 
and,  as  already  explained,  the  extensive  upland  soils  are  markedly  in  need  of 
phosphorus  and  nitrogen. 


1913 ] 


Bond  County 


23 


Table  10. — Fertility  in  the  Soils  of  Bond  County 
Average  pounds  per  acre  in  4 -million  pounds  of  subsurface  soil  (about  6%  to  20  inches) 


Soil 

type 

No. 

Soil  type 

Total 

organic 

carbon 

Total 

nitro- 

gen 

Total 

phos- 

phorus 

Total 
potas- 
sium | 

Total 

magne- 

sium 

Total 

cal- 

cium 

Lime- 

stone 

present 

Soil 

acidity 

present 

Upland  Prairie  Soil 

s 

330 

Gray  silt  loam  on  tight  clay 

( 26  100 

2 990 

1 530 

57  540 

10  970 

9 500 

3 070 

328 

Brown-gray  silt  loam  on 

tight  clay  

26  460 

2 700 

1 740 

63  820 

10  160 

10  400 

300 

329 

Drab  silt  loam 

43  400 

4 160 

2 040 

61  560 

12  120 

15  800 

280 

331 

Deep  gray  silt  loam 

27  720 

3 200 

1 080 

53  800 

7 800 

9 600 

5 600 

325.1 

Black  silt  loam  on  clay 

91  680 

7 320 

1 880 

63  120 

20  600 

31  160 

40 

Upland  Timber  Soils 


334 

Yellow-gray  silt  loam 

21  240]  2 GOO 

1 340 

75  500 

14  620 

8 520 

5 200 

335 

Yellow  silt  loam 

16  980  2 120 

1 270 

73  820 

15  400 

8 570 

4 080 

332 

Light  gray  silt  loam  on 

tight  clay  

11  560  1 400 

1 260 

60  160 

14  260 

7 320 

10  020 

332J 

White  silt  loam  on  tight  clay 

7 960  1 000 

1 480 

61  400 

11  560 

10  080 

960 

Ridge  Soils 


235 

Yellow  silt  loam 

15  520 

2 080 

1 000 

82  400 

12  960 

13  840 

80 

233 

245 

Grey-red  silt  loam  on  tight 

clay  

Yellow  fine  sandy  silt  loam 

44  960 
18  520 

4 800 
2 340 

1 440 
1 620 

54  000 
79  900 

24  240 
18  280 

12  760 
11  100 

5 880 
320 

Bottom-Land  Soils 


Deep  gray  silt  loam 23  480 

2 720 

2 200 

74  000 

16  080  10  280 

Deep  brown  silt  loam 30  200 

2 880 

1 800 

69  040 

14  120  14  600 

Table  11. — Fertility  in  the  Soils  of  Bond  County 
Average  pounds  per  acre  in  6 million  pounds  of  subsoil  (about  20  to  40  inches) 


Soil 

Total  i Total 

Total 

Total 

Total 

Total 

Lime- 

Soil 

type 

Soil  type 

organic  nitro- 

phos- 

potas- 

magne- 

cal- 

stone 

acidity 

No. 

carbon  | gen 

phorus 

sium 

sium 

cium 

present 

present 

Upland  Prairie  Soils 


330 

Gray  silt  loam  on  tight 

1 

clay  

27  900 

3 340 

2 850 

88  940 

36  180 

21  210 

2 050 

328 

Brown-gray  silt  loam  on 

tight  clay 

19  650 

2 760 

2 520 

97  290 

35  730 

31  830 

often 

329 

Drab  silt  loam 

36  060 

3 720 

3 180 

89  580 

27  300 

22  860 

540 

331 

Deep  gray  silt  loam 

37  920 

3 720 

2 280 

79  560 

31  620 

15  600 

18  300 

325.1 

Black  silt  loam  on  clay . -. . 

34  920 

3 060 

2 760 

94  260 

37  620 

39  840 

120 

Upland  Timber  Soils 


334 

Yellow-gray  silt  loam.  . . . 

16  260 

2 190 

2 580- 

118  140 

31  470 

18  030 

12  540 

335 

Yellow  silt  loam 

12  790 

2 170 

2 090 

105  290 

32  240 

12  910 

15  070 

332 

Light  gray  silt  loam  on 

tight  clay  

15  840 

2 070 

2 670 

96  480 

30  090 

11  460 

21  720 

332.1 

White  silt  loam  on  tight 

clay  

10  560 

1 860 

2 820 

96  540 

38  700 

18  000 

25  380 

Ridge  Soils 


235 

Yellow  silt  loam 

14  220 

2 280 

2 520 

121  260 

35  700 

21  060 

2 340 

233 

Grey-red  silt  loam  on 

tight  clay  

20  220 

2 040 

1 980 

114  600 

48  120 

38  040 

often 

245 

Yellow  fine  sandy  silt 

loam  

21  060 

2 760 

2 960 

116  040 

37  260 

24  780 

* 2 010 

Bottom-Land  Soils 


1331 

Deep  gray  silt  loam ■ 12  060 

2 040 

3 060 

108  240 

26  520]  11  880 

20  100 

1326 

Deep  brown  silt  loam.  . . J 21  540 

2 520 

2 580 

106  140 

15  840  19  380 

420 
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INDIVIDUAL  SOIL  TYPES 
(a)  Upland  Prairie  Soils 

The  upland  prairie  soils  of  Bond  county  occupy  190  square  miles,  or  51 
percent  of  the  entire  area  of  the  county.  Because  of  their  larger  content  of 
organic  matter,  they  are  usually  darker  in  color  than  the  upland  timber  soils 
of  similar  topography. 

The  accumulation  of  organic  matter  in  the  prairie  soils  is  due  to  the  growth 
of  prairie  grasses  that  once  covered  them,  and  whose  network  of  roots  has  been 
protected  from  complete  decay  by  imperfect  aeration  resulting  from  the  covering 
of  fine  soil  material  and  the  moisture  it  contains.  The  tops  of  these  prairie 
grasses  contributed  little  organic  matter,  as  they  were  usually  burned  by  prairie 
fires  or  soon  became  almost  completely  decayed  from  exposure  to  the  air.  Be- 
cause of  its  great  age  and  the  loss  of  mineral  plant  food  by  leaching,  the  most 
common  prairie  soil  of  the  lower  Illinois  glaciation  has  finally  become  incapable 
of  supporting  such  a rank  vegetation  as  the  more  recently  formed  and  more 
fertile  prairies  of  the  corn  belt  in  central  and  northern  Illinois.  Consequently, 
the  southern  Illinois  prairies  are  not  so  rich  in  organic  matter  and  nitrogen  as 
the  corresponding  corn-belt  soils;  indeed,  they  differ  but  little  from  the  best 
timber  soil. 

Gray  Silt  Loam  on  Tight  Clay  (330) 

Gray  silt  loam  on  tight  clay  is  the  predominating  soil  type  in  the  lower 
Illinois  glaciation.  It  covers  121.49  square  miles  (77,754  acres),  or  32.66  percent 
of  the  area  of  the  county.  In  topography  it  is  nearly  level  or  gently  undulating, 
tho  somewhat  rolling  in  places. 

The  type  varies  primarily  in:  (1)  the  organic-matter  content;  (2)  the 
topography  and  consequent  surface  drainage;  and  (3)  the  thickness,  depth,  and 
density  of  the  tight  clay  layer  underlying  it.  Where  adjoining  the  somewhat 
rolling  areas  of  this  or  other  types,  or  in  the  vicinity  of  ridges,  this  type  has 
received  some  wash,  which  has  buried  the  tight  clay  layer  to  such  a depth  that 
it  is  less  objectionable,  and  in  such  places  the  soil  is  better  than  the  average  soil 
of  this  type.  On  the  other  hand,  where  erosion  has  been  somewhat  active,  the 
tight  layer  is  near  the  surface,  making  a very  unproductive  soil. 

This  type  contains  many  small  areas  known  as  “scalds”  or  “scald  spots,” 
readily  recognized  in  the  plowed  field  by  their  light  color.  On  these  spots  the 
ordinary  surface  soil,  and  in  many  cases  the  subsurface  soil,  is  partly  or  entirely 
absent,  leaving  the  subsoil  on  or  very  near  the  surface.  Ordinarily  these  spots 
constitute  only  a few  square  rods;  occasionally,  tho  very  rarely,  one  is  found 
covering  an  acre  or  more.  These  “scalds”  are  very  irregular  in  their  occur- 
rence, some  fields  being  almost  free  from  them  while  others  contain  many. 
Bracted  plantain  ( Plantago  aristata)  of  stunted  growth  is  a common  plant  on 
these  “scalds.” 

The  surface  stratum,  0 to  6%  inches,  is  a friable  silt  loam,  varying  in  color 
from  a light  to  a dark  gray  and  containing  sufficient  clay  to  make  it  slightly 
plastic  when  wet.  A few  small  gravels  of  quartz  and  concretions  of  hydrated 
iron  oxid  are  sometimes  found  in  it.  The  organic-matter  content  varies  from 
1.9  to  2.6  percent;  in  other  words,  from  19  to  26  tons  per  acre,  or  an  average  of 
22  tons.  The  surface  soil  is  fairly  pervious  to  water,  but  the  low  organic-matter 


1913 ] 


Bond  County 


25 


content,  and  the  consequent  lack  of  granulation,  renders  it  in  poor  tilth,  causing 
it  to  ‘‘run  together”  readily  with  heavy  rains  or  with  freezing  and  thawing 
when  very  wet.  The  chief  variation  in  the  surface  stratum  is  due  to  the  varia- 
tion in  the  organic-matter  content.  Analysis  shows  from  10  to  13  percent  of 
the  various  grades  of  sand  and  from  70  to  80  percent  of  silt. 

The  subsurface  stratum  varies  greatly  in  thickness.  In  many  of  the 
“scalds”  it  is  entirely  absent,  while  in  other  places  the  depth  to  the  subsoil  is 
two  feet  or  more.  The  average  thickness  is  about  13  inches.  It  contains  1.1 
percent  of  organic  matter,  and  consists  of  a silt  loam  varying  in  color  from  gray 
to  almost  white.  The  upper  part  of  the  stratum  is  sometimes  about  the  same 
color  as  the  surface  soil,  but  ordinarily  the  plow-line  marks  the  beginning  of  a 
much  lighter  colored  soil,  which  becomes  still  lighter  with  depth  and  passes  into 
a distinct  light  gray  layer  deficient  in  organic  matter,  close-grained,  very  com- 
pact when  dry,  and  very  slowly  pervious  to  water.  When  saturated,  it  is  soft, 
and  posts  may  be  driven  thru  it  readily.  A few  small  quartz  gravels  and  some 
concretions  of  hydrated  iron  oxid  are  sometimes  present. 

The  natural  subsoil  lies  at  an  average  depth  of  about  20  inches  from  the 
surface,  but  the  distance  varies  from  only  a few  inches  on  the  “scalds”  to  two 
feet  or  more  on  the  best  phase  of  the  type.  It  is  usually  made  up  of  two  distinct 
layers.  The  upper  layer,  extending  from  the  subsurface  to  an  average  depth  of 
30  to  36  inches,  consists  of  tight  clay,  sometimes  erroneously  called  “hard-pan,” 
while  the  lower  subsoil  is  friable,  porous,  and  silty.  The  tight  clay  stratum  varies 
from  4 to  12  inches  in  thickness  and  is  usually  a close,  silty  clay,  reddish  or 
yellowish  in  color,  very  sticky  and  gummy  when  wet,  and  very  hard  when  dry. 
Water  percolates  thru  it  very  slowly. 

Because  of  the  level  topography  and  the  tight  clay  subsoil,  the  drainage  of 
this  type  is,  as  a rule,  rather  poor.  It  is  still  a question  whether  the  type  can 
be  tile-drained  profitably;  experiments  are  now  in  progress  with  the  view  of 
answering  this  question. 

The  soil  is  strongly  acid  and  low  in  nitrogen  content.  It  is  in  poor  physical 
condition ; it  “ runs  together  ’ ’ badly  during  rains,  is  too  compact  for  good  aera- 
tion, and  is  very  unfavorable  for  moisture  movement.  Therefore  in  the  manage- 
ment of  this  type  the  chief  essentials  are  the  application  of  limestone  and  the 
increase  of  organic-matter  content  by  every  practical  means. 

Limestone  is  needed,  not  only  to  correct  soil  acidity,  but  to  supply  calcium 
as  plant  food  as  well.  It  also  increases  granulation,  or  flocculation,  and  thus 
improves  the  tilth.  About  two  tons  per  acre  of  ground  limestone  should  be  ap- 
plied every  four  or  five  years,  and  the  initial  application  may  well  be  from  four 
to  six  tons. 

In  order  to  increase  the  organic-matter  content,  all  forms  of  vegetation,  such 
as  weeds,  manure,  straw,  corn  stalks,  etc.,  should  be  plowed  under  and  no  part 
of  them  burned.  Legume  crops,  such  as  cowpeas,  soybeans,  and  red,  alsike,  or 
sweet  clover,  should  be  grown  and  turned  back  into  the  soil,  or  fed  and  the  ma- 
nure returned.  Probably  no  crop  will  prove  better  adapted  to  adding  organic 
matter  and  nitrogen  to  the  soil  than  the  common  sweet  clover  ( Melilotus  alba), 
a deep-rooting  plant  which  will  also  help  to  loosen  the  tight  subsoil  and  make 
it  more  pervious.  In  order  to  grow  this  clover,  the  soil  must  be  sweetened  with 
ground  limestone  and  well  inoculated  with  nitrogen-fixing  bacteria. 
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This  type  is  also  markedly  deficient  in  phosphorus,  especially  for  the  grow- 
ing of  such  crops  as  wheat  and  clover;  hence  in  permanent  systems  of  improve- 
ment a liberal  use  of  phosphorus  is  essential.  This  is  applied  most  economically 
in  the  form  of  fine-ground  natural  rock  phosphate,  which  should  be  plowed  un- 
der in  intimate  contact  with  farm  manure,  clover,  or  cowpeas.  If  one-half  ton 
per  acre  is  applied  every  four  or  five  years,  the  phosphorus  content  of  the  soil 
will  be  maintained  or  slowly  increased,  but  an  application  of  one  or  two  tons 
at  one  time  gives  still  better  results.  With  the  increase  in  organic  matter,  the 
phosphorus  content  of  the  plowed  soil  should  be  raised  finally  to  at  least  2,000 
pounds  per  acre,  which  will  require  altogether  about  five  tons  of  rock  phosphate. 

This  system  of  permanent  soil  improvement  can  be  hastened,  and  sometimes 
with  profit  during  the  early  years,  by  applying  about  600  pounds  of  kainit  per 
acre  to  be  plowed  under  with  the  initial  application  of  rock  phosphate.  The 
action  of  kainit  is  explained  in  the  Appendix  (see  page  57).  If  used  at  all  it 
should  be  with  the  understanding  that  it  serves  in  part,  at  least,  as  a soil  stimu- 
lant; and  that  when  plenty  of  decaying  organic  matter  is  provided,  the  use  of 
kainit  may  not  be  profitable.  The  benefit  derived  from  ground  limestone,  where 
a heavy  application  is  made,  seems  to  include  some  of  the  effect  of  soluble  salts 
and  to  make  the  use  of  kainit  less  important. 

For  results  of  field  experiments  on  this  soil  type,  see  Tables  3 to  9. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (328) 

Brown-grav  silt  loam  on  tight  clay  covers  61.49  square  miles  (39,354  acres), 
or  16.54  percent  of  the  entire  county.  The  principal  area  is  located  between 
the  east  and  the  west  branches  of  Shoal  creek.  Other  large  areas  are  found 
near  Smithboro  and  east  of  Stubblefield.  With  few  exceptions  the  topography 
is  flat  or  only  slightly  undulating. 

This  type  contains  many  “ scalds”  where  the  subsoil  comes  to  the  surface 
or  injuriously  near  it,  usually  less  than  ten  inches.  These  “ scalds”  are  very  ir- 
regular in  their  occurrence,  some  fields  being  devoid  of  them,  while  others  con- 
tain many.  They  are  indicated  by  their  lighter  color,  distinctly  seen  when  the 
ground  is  plowed. 

The  surface  soil,  0 to  6%  inches,  is  a dark  gray  to  a brown  mealy  silt  loam, 
varying  in  color  with  its  gradation  toward  other  types.  It  contains  about  2.4 
percent  of  organic  matter,  or  24  tons  per  acre.  The  amount  varies  from  2.1  to 
3 percent,  or  from  21  to  30  tons  per  acre.  The  mineral  part  of  the  soil  is  com- 
posed of  80  to  85  percent  of  the  different  grades  of  silt  with  10  to  12  percent  of 
sand,  and  some  clay.  Coarse  silt  seems  to  be  the  most  abundant  constituent.  The 
soil  is  porous,  friable,  and  easy  to  work. 

The  subsurface  stratum  varies  greatly  in  thickness  and  color.  Its  average 
thickness  is  from  10  to  12  inches,  altho  it  is  entirely  absent  in  some  places,  such 
as  ‘ ‘ scalds,  ’ ’ and  18  inches  thick  in  others.  It  consists  chiefly  of  a grayish  brown 
silt  loam,  the  color  becoming  lighter  with  depth.  Usually  there  is  a distinct 
gray  or  grayish  brown  layer  from  2 to  10  inches  thick  just  above  the  subsoil. 
Where  the  type  grades  into  gray  silt  loam  on  tight  clay  (330),  this  gray  layer 
in  some  places  becomes  quite  well  developed.  On  the  other  hand,  where  the  type 
grades  toward  brown  silt  loam  this  layer  becomes  quite  indistinct. 
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The  subsoil  is  found  at  variable  depths,  from  only  a very  few  inches  from 
the  surface  on  the  “scalds”  to  20  inches  or  more  on  the  better  phases.  It  con- 
sists of  two  distinct  layers.  The  upper  stratum,  from  5 to  16  inches  thick,  is  a 
plastic,  gummy,  yellow,  drab  or  dark  olive-colored  clay,  very  tight  and  nearly 
impervious  to  water.  Below  it  is  a clayey  silt,  friable  and  pervious,  of  a yellow 
color,  or  yellow  with  drab  mottlings. 

The  upper  layer  of  the  subsoil  is  too  nearly  impervious  to  allow  good  drain- 
age, so  that  special  surface  drainage  in  the  form  of  dead  furrows  must  be 
provided.  Probably  the  lower,  flatter  land  of  this  type  should  be  tile-drained, 
the  lines  of  tile  being  placed  not  over  five  rods  apart.  This  opinion  is  based 
merely  upon  observation  and  reported  experience,  as  no  definite  experiments  in 
tile  drainage  have  been  conducted  on  this  type. 

In  the  improvement  of  this  type  practically  the  same  methods  should  be 
employed  as  for  the  gray  silt  loam  on  tight  clay  (330).  All  crop  residues  and 
legume  crops  not  fed  on  the  farm  should  be  turned  back  into  the  soil  in  order 
to  provide  nitrogen,  liberate  mineral  plant  food,  and  aid  in  the  physical  im- 
provement of  the  soil.  Deep-rooting  crops  should  be  grown  in  order  to  loosen 
up  the  subsoil  and  provide  more  rapid  percolation  of  water  and  air. 

This  type  contains  no  limestone,  and  is  usually  somewhat  acid.  However, 
it  is  not  so  sour  as  the  gray  silt  loam  on  tight  clay,  and  this  fact,  together  with 
the  higher  content  of  calcium  and  organic  matter  and  some  ability  to  grow 
clover  in  favorable  seasons,  has  made  it  a more  productive  soil,  generally,  than 
the  gray  prairie.  It  has  been  much  used  for  wheat,  and  possibly  because  of  the 
many  crops  removed,  this  type  in  Bond  county  is,  as  an  average,  more  deficient 
in  phosphorus  than  the  more  extensive  gray  silt  loam  on  tight  clay.  Where  it 
has  long  been  cropped  it  is  also  very  poor  in  active  organic  matter,  so  that  nitro- 
gen is  one  of  the  important  factors  which  now  limit  the  yield  of  grain  crops. 

In  Table  12  are  given  the  data  secured  from  twelve  years’  field  investiga- 
tions on  brown-gray  silt  loam  on  tight  clay,  on  the  soil  experiment  field  near 
Mascoutah,  St.  Clair  county,  which  almost  corners  Bond  county  on  the  south- 
west. These  data  are  from  a part  of  the  Mascoutah  field  where  commercial 
nitrogen,  phosphorus,  and  potassium  have  all  been  used  in  readily  available 
form  in  order  to  secure  information  as  quickly  as  possible.  The  regular  applica- 
tions per  acre  have  been  100  pounds  of  nitrogen  in  700  pounds  of  dried  blood 
every  year,  and  800  pounds  of  steamed  bone  meal  and  400  of  potassium  sulfate 
ever7/  four  years,  corresponding  to  25  pounds  of  phosphorus  and  42  of  potassium 
for  each  year  of  the  rotation. 

At  the  time  these  experiments  were  begun  the  claim  was  commonly  made, 
especially  by  lime  manufacturers,  that  small  amounts  of  slaked  lime  should  be 
applied  frequently  to  soils.  (The  product  was  sold  under  the  name  of 
“hydrated”  lime  at  $6  to  $10  per  ton.)  On  the  Mascoutah  field  this  material 
was  tried,  400  pounds  per  acre  in  1902  and  700  pounds  in  1903.  No  further 
applications  were  made  until  1909,  when  the  use  of  ground  limestone  was  be- 
gun. At  that  time  iy2  tons  per  acre  was  applied,  and  four  years  later  2 tons 
per  acre  was  applied.  The  first  distinct  indication  of  benefit  from  lime  alone 
appeared  in  1913. 

Nitrogen  is  clearly  the  element  of  greatest  benefit  on  the  Mascoutah  field,  as 
shown  by  the  fact  that  the  dried  blood  has  increased  the  crop  values,  in  twelve 
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years,  from  $91.05  to  $135.50,  a gain  of  $44.45.  In  comparison,  phosphorus 
has  produced  an  increase  valued  at  $16.60,  and  potassium  an  increase  valued  at 
only  $10.63,  when  used  singly.  All  other  results  harmonize  well  with  these  val- 
ues, except  those  from  Plot  507,  which  indicate  a very  marked  influence  from 
potassium.  In  fact,  the  crop  values  from  this  plot,  which  has  received  lime,  nitro- 
gen, and  potassium,  are  $15.17  higher  than  those  from  Plot  509,  which  has  re- 
ceived lime,  nitrogen,  phosphorus,  and  potassium.  However,  nearly  $13  of  this 


Table  12. — Crop  Yields  in  Soil  Experiments,  Mascoutah  Field 


Brown-gray  silt  loam 
on  tight  clay;  middle 
Illinois  glaciation 

Corn 
1 1902 

Corn 

1903 

Oats 

1904 

Wheat 

1905 

j Corn  Corn  Oats 
1906  1907  1908 

Wheat 

1909 

1 1 

Corn  Corn 

1910  j 1911 

! Oats  Wheal 
j 19121  1913 

^ Soil 

• 

£ treatment 

Bushels  per  acre 

^ | applied 

501  None 

32  5 

43.4 

17.5 

9.1 

31.7  | 29.1  8.8 

1 20.7 

8.8!  H.6 

9.8 

502|Lime 

32.0 

38.9 

22.5 

7.8 

30.8  | 31.9  1 6.6 

17.5 

8.8  11.2 

| 15.5 

503  Lime,  nitro 

24.2 

47.1 

40.0 

16.7 

53.1' 45.8  12.2  1 

1 20.8 

12.4 1 19.8 

32.5 

504  Lime,  phos 

34.4 

39.3 

68.7 

15.0 

21.6  24.8  9.1 

20.2 

6.8 | 14.6 

14.5 

505  Lime,  potas 

37.5 

47.8 

25.6 

15.7 

22.3  32.5  10.6 

18.0 

10.4  i 17.0 

12.3 

506  Lime,  nitro.,  phos. 

46.1 

69.9 

44.11 

25.3  i 

56.7  58.8  28.8 

32.7 

| 32.4*  39.2 

I 33.5 

507  Lime,  nitro.,  potas. 

59.6 

77.4 

43.1 

30.2 

59.6  70.0  37.2 

30.7 

I 32.0  48.8 

| 27.0 

508  Lime,  phos.,  potas. 

i 53.9 

; 49.0 

33.1 

20.0 

19.6  1 38.1  12.2  j 

22.3 

i 15.2|  19.6 

18.8 

509  Lime,  nitro.,  phos., 

potas 

47.8 

1 70.5 

37.8 

28.3  i 

49.6  70.0  30.3 

33.7 

34.4  37.4 

1 28.3 

510  Nitro.,  phos.,  potas. 

47.7 

i 52.6 

35.9 

26.3  | 

42.9  65.3  i 32.2 

33.7 

34.8  1 28.6 

| 30.5 

Average  Increase:  Bushels  per  Acre 


For  nitrogen 

-7.8 

8.2 

17.5 

8.9  1 

| 22.3 

13.9 

| 5.6 

3.3 

3.6 

8.6 

17.0 

For  phosphorus 

2.4 

.4 

46.2 

7.2 

-9.2 

-7.1 

2.5 

2.7 

-2.0 

3.4 

-1.0 

For  potassium 

5.5 

8.9 

3.1 

7.9 

; -S.5 

.6 

4.0 

.5 

1.6 

5.8 

-3.2 

For  nitro.,  phos. 

over  phos 

11.7 

30.6 

-24.6 

10.3 

35.1 

34.0 

19.7 

: 12.5 

25.6 

24.6 

19.0 

For  phos.,  nitro. 

over  nitro 

21.9 

22.8 

4.1 

8.6 

3.6 

13.0 

16.6 

11.9 

20.0 

19.4 

1.0 

For  potas.,  nitro.,  phos. 

over  nitro.,  phos.  . 

1.7 

.6 

-6.3 

3.0 

-7.1 

11.2 

1.5 

1.0  1 

2.0! 

-1.8 

-5.2 

Value  of  Crops  per  Acre  in  Twelve  Years 


Plot 

Soil  treatment  applied 

Total  value  of 
twelve  crops 

Value  of 
increase 

501 

502 

$ 90.60 
91.05 

$ .45 

503 

504 

505 

iLime,  nitrogen 

135.50 

107.65 

101.68 

44.90 

17.05 

11.08 

Lime,  phosphorus 

Lime,  potassium 

506  Lime,  nitrogen,  phosphorus 

507  Lime,  nitrogen,  potassium 

508  Lime,  phosphorus,  potassium 

192.01 

207.21 

124.75 

101.41 

116.61 

34.15 

509 

510 

Lime,  nitrogen,  phosphorus,  potassium 

Nitrogen,  phosphorus,  potassium 

192.04 

178.95 

101.44 

88.35 

Value  of  Increase  per  Acre  in  Twelve  Years 

Cost  of 
increase 

For  nitrogen $44.45 

For  phosphorus 16.60 

For  nitrogen  and  phosphorus  over  phosphorus 84.36 

For  phosphorus  and  nitrogen  over  nitrogen ' 56.51 

For  potassium,  nitrogen,  and  phosphorus  over  nitrogen 

and  phosphorus .03 

$180.00 

30.00 

180.00 

30.00 

30.00 

1 The  oat  crop  failed  in  1912. 
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difference  is  found  in  the  first  five  crops,  which  suggests  the  possible  influence  of 
some  unknown  factor  in  Plot  507,  such  as  the  presence  of  an  old  stack  bottom. 
But  even  if  this  abnormal  effect  during  those  years  is  disregarded,  the  data 
still  show  a slightly  greater  benefit  from  nitrogen  and  potassium  (507)  than 
from  nitrogen  and  phosphorus  (506),  altho  in  1913  a marked  superiority  of 
phosphorus  appears  in  this  comparison. 

Here  again  on  this  highest  yielding  plot  (507)  we  meet  what  seems  to  be 
the  stimulating  influence  of  the  soluble  potassium  salt.  If,  however,  the  treat- 
ment used  on  this  plot  were  practiced,  it  would  lead  ultimately  only  to  failure 
and  land  ruin,  for  it  makes  no  provision  for  the  restoration  or  the  maintenance 
of  phosphorus,  which  is  unquestionably  the  most  deficient  of  the  five  most  im- 
portant elements  of  plant  food.  The  only  guide  toward  a safe  practice  for 
permanent  systems  of  improvement  is  the  chemical  composition  of  the  soil. 

In  the  lower  part  of  Table  12  is  shown  the  influence  of  each  element  in  a 
rational  order  of  application.  From  the  composition  of  the  soil  it  is  clear  that 
both  nitrogen  and  phosphorus  must  be  supplied  for  permanent  systems  of  farm- 
ing, altho  there  may  be  some  question  as  to  which  of  these  two  is  most  needed, 
because  of  imperfect  knowledge  of  the  condition  of  the  organic  matter  and  of 
the  rate  of  decomposition  under  unknown  future  weather  conditions.  It  must 
be  plain,  however,  that  if  potassium  is  to  be  used  for  its  own  sake,  it  should 
pay  a profit  when  applied  in  addition  to  both  nitrogen  and  phosphorus. 

In  considering  these  three  elements,  nitrogen,  phosphorus,  and  potassium, 
we  find  that,  starting  with  $91.05  (the  value  of  the  crops  for  twelve  years  when 
lime  alone  was  used),  the  increases  per  acre  in  crop  values  have  been  as  follows: 


For  nitrogen  over  lime  $ 44.45 

For  phosphorus  as  a further  addition  56.51 

For  potassium  as  a final  addition .03 


For  total  increase  $100.99 


This  demonstration  of  more  than  doubling  crop  values  is  highly  important, 
for  it  shows  the  possibilities  of  soil  treatment;  but  of  still  more  importance  is 
the  development  of  methods  of  producing  the  same  results  with  profit  to  the 
producer.  Applied  nitrogen  has  produced  exceedingly  marked  gains,  but  never 
enough  to  pay  its  cost  in  commercial  form ; and  while  phosphorus  has  paid  nearly 
200  percent  on  the  investment  in  steamed  bone  meal  when  used  in  addition  to 
nitrogen,  the  profit  is  more  than  offset  by  the  nitrogen  deficit. 

On  another  part  of  the  Mascoutah  field,  investigations  are  in  progress 
where  nitrogen  is  secured  by  the  slower  but  less  expensive  practice  of  growing 
legumes  in  the  crop  rotation  and  returning  to  the  soil  the  crop  residues  or  farm 
manure.  In  Table  13  are  shown  for  direct  comparison  the  results  secured  where 
commercial  nitrogen  is  used  and  those  where  these  rational  means  of  securing 
nitrogen  are  employed,  both  on  lime-phosphorus  plots  and  on  plots  where  lime, 
phosphorus,  and  potassium  are  applied.  The  records  are  taken  from  the  legume 
rotation  of  the  same  crops  as  were  grown  in  identical  years  in  the  experiments 
reported  in  Table  12.  It  will  be  seen  that  the  rotations  differ  only  by  the  substi- 
tution of  a legume  crop  for  one  corn  crop.  The  final  averages,  including  duplicate 
experiments  (except  for  the  potassium),  may  be  considered  trustworthy,  within 
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rather  narrow  limits.  The  data  of  the  first  four  years  are  averaged  separately 
because  during  those  years  the  residue  and  manure  systems  were  not  well  under 
way. 

Table  13. — Crop  Yields  in  Soil  Experiments,  Mascoutah  Field 


Rotation  system 

Corn,  corn,  oats, 
and  wheat 

Corn,  oats,  wheat, 
and  clover 

Corn,  oats,  wheat, 
and  clover 

Soil  treatment 

Lime 

Nitro. 

Phos. 

Lime 

Nitro. 

Phos. 

Potas. 

Lime 

Residues 

Phos. 

Lime 

Residues 

Phos. 

Potas. 

Lime 

Manure 

Phos. 

Lime 

Manure 

Phos. 

Potas. 

1902 

Corn,  bu 

46.1 

47.8 

39.6 

45.3 

42.7 

47.1 

1903 

Corn,  bu 

69.9 

70.5 

50.8 

56.8 

43.1 

58.9 

1904 

Oats,  bu 

44.1 

37.8 

36.9 

33.4 

32.8 

39.4 

1905 

Wheat,  bu .......  . 

25.3 

28.3 

25.9 

28.2 

26.3 

31.2 

Value  of  four  crops  . . . 

$71.54 

$72.55 

$60.84 

$65.49 

$58.28 

$70.76 

1906  Corn,  bu 

56.7 

49.6 

57.1 

57.3 

54.1 

49.1 

1907  Corn,  bu 

58.8 

70.0 

70.0 

84.3 

73.0 

93.0 

1908 

Oats,  bu 

28.8 

30.3 

9.7 

11.3 

10.6 

13.1 

1909 

Wheat,  bu 

32.7 

33.7 

32.0 

32.7 

32.7 

33.2 

1910 

Corn,  bu 

32.4 

34.4 

28.& 

36.0 

27.2 

35.2  . 

1911 

Corn,  bu 

39.2 

37.4 

38.2 

29.4 

29.6 

32.8 

1912 

1913 

Oats,  failed 

Wheat,  bu 

33.5 

28.3 

33.5 

34.7 

32.3 

30.2 

Value  of  eight  crops.  . . . 

$120.47 

$119.48 

$116.63 

| $123.02 

$113.05 

| $121.84 

Av.  value  of  eight  crops . 

$119.97 

$119.82 

v $117.44 

Where  commercial  nitrogen  has  been  used,  the  crop  values  for  the  last  eight 
years  average  $119.97,  with  a total  cost  for  nitrogen  of  $120.00 ; but  where  crop 
residues  have  been  used  as  a source  of  nitrogen,  the  average  crop  value  is  $119.82, 
or  within  15  cents  of  that  produced  with  commercial  nitrogen.  Nearly  the  same 
results  have  been  secured  where  the  nitrogen  is  supplied  in  farm  manure  in  quan- 
tities easily  produced  from  the  crops  grown  on  the  land. 

These  data  show  that  altho  practically  the  same  aggregate  gross  values  are 
secured  with  “home-grown”  nitrogen  as  with  the  purchased  product,  the  secur- 
ing of  these  values  requires  that  the  crop  of  clover  seed  in  the  grain  system  or 
the  clover  hay  in  the  live-stock  farming  shall  bring  as  large  a return  as  the 
corn  crop  which  it  replaces.  Even  if  no  value  is  assigned  to  the  clover  crop, 
the  cost  of  the  nitrogen  secured  by  these  rational  methods  is  only  about  one- 
fourth  its  cost  in  commercial  form. 

Drab  Silt  Loam  (329) 

Some  of  the  low  and  more  poorly  surface-drained  areas  of  the  prairie  land 
have  received  deposits  of  finer  material  washed  in  from  the  slightly  higher  sur- 
rounding land,  and  in  these  places  a greater  amount  of  organic  matter  has 
accumulated,  more  particularly  in  the  surface  and  the  subsurface  strata,  owing 
to  the  more  luxuriant  growth  of  vegetation  and  the  better  conditions  for  pre- 
venting complete  decay.  This  finer  material  and  the  greater  accumulation  of 
organic  matter  have  given  rise  to  a type  of  soil,  the  drab  silt  loam  (329),  which 
is  darker  in  color,  better  in  texture,  and  somewhat  more  productive  than  the 
surrounding  gray  silt  loam  on  tight  clay  (330),  the  ordinary  prairie  land  of 
this  glaciation.  Drab  silt  loam  in  Bond  county  covers  an  area  of  2.46  square 
miles  (1,574  acres),  or  .66  percent  of  the  county. 
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The  surface  soil,  0 to  6%  inches,  is  a drab  to  a dark  gray.  Altho  silts 
form  the  chief  constituent,  this  stratum  always  contains  some  fine  sand  and, 
in  the  poorly  drained  areas,  enough  clay  to  give  it  some  tenacity.  The  organic 
matter  averages  3.1  percent,  or  31  tons  per  acre. 

The  subsurface  stratum  varies  from  a brownish  gray  to  a light  drab,  fre- 
quently with  blotches  of  iron  oxid.  The  amount  of  clay  varies  considerably, 
the  stratum  in  some  areas  being  very  silty,  while  in  others  it  has  sufficient  clay 
to  make  it  plastic;  in  either  case  it  is  pervious  to  water. 

The  subsoil,  20  to  40  inches  beneath  the  surface,  is  a drab  to  yellowish 
gray  silt  or  clayey  silt.  In  many  areas  the  subsoil  is  quite  heavy,  yet  sufficiently 
pervious  so  that  tile  drains  should  work  well. 

This  type  needs  underdrainage  to  bring  it  to  its  best  condition  of  tilth  and 
productiveness.  The  physical  composition,  texture,  and  structure  indicate  that 
tile  drainage  would  be  of  great  benefit,  but  actual  field  experiments  are  neces- 
sary to  determine  how  satisfactorily  tile  will  work. 

Besides  thoro  drainage,  one  of  the  most  important  points  in  the  manage- 
ment of  this  type  is  the  maintaining  or  even  the  increasing  of  the  organic  matter 
in  order  to  provide  sufficient  nitrogen  to  meet  the  needs  of  large  crops  of  corn 
and  other  non-legumes  to  be  grown  in  the  crop  rotation.  This  can  best  be  done 
by  practicing  a rotation  of  crops  in  which  a legume  is  used  as  often  as  practical 
and  by  turning  back  into  the  soil  all  crop  residues.  If  these  crops  are  fed  on 
the  farm,  the  manure  should  be  put  back  with  as  little  waste  as  possible.  This 
type  in  Bond  county  is  very  deficient  in  phosphorus  and  contains  no  limestone, 
altho  it  is  not  markedly  acid ; hence  both  phosphate  and  limestone  should  be  used. 

Deep  Gray  Silt  Loam  (331) 

Deep  gray  silt  loam  occupies  low  areas  in  the  southeastern  part  of  Bond 
county  where  silt  has  been  carried  in  from  the  higher  lands  to  such  a depth  that 
all  evidence  of  a clay  subsoil  has  been  buried  to  a depth  of  more  than  40  inches. 
It  covers  2.19  square  miles  (1,401  acres),  or  .59  percent  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a gray  to  dark  gray  silt  loam,  changing 
in  shade  as  it  grades  into  other  types.  It  contains  2.4  percent  of  organic  matter, 
or  24  tons  per  acre. 

The  subsurface  is  a silt  loam,  lighter  in  color  than  the  surface,  and  con- 
taining 1.2  percent  of  organic  matter. 

The  subsoil  is  a gray  to  drab  silt,  differing  from’  the  subsurface  in  that 
it  contains  less  organic  matter  and  has  layers  of  clay  or  clayey  silt  developed 
locally. 

The  low  organic-matter  content  of  this  type  indicates  the  necessity  of 
maintaining  or  increasing  the  supply  by  every  practical  means.  Owing  to 
the  character  of  the  subsoil,  crops  growing  on  this  type  have  a decided  ad- 
vantage over  those  on  gray  silt  loam  on  tight  clay  (330),  provided  the  subsoil 
is  thoroly  drained.  The  greater  porosity  and  deeper  feeding  range  are  of  no 
avail  when  water  is  present  in  excess. 

Among  the  prairie  soils  of  Bond  county,  this  type  is  the  most  acid  and  the 
most  deficient  in  calcium  and  magnesium;  it  is  also  very  poor  in  phosphorus. 
Phosphate  should  be  applied  liberally  in  connection  with  organic  matter; 
dolomitic  limestone  (such  as  can  .be  secured  from  Grafton  and  from  most 
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northern  Illinois  deposits)  will  probably  give  even  better  results  than  the  more 
common  limestone. 

Black  Silt  Loam  on  Clay  (325.1) 

Black  silt  loam  on  clay  represents  low  prairie  land  that  was  originally 
swampy.  In  position,  this  type  corresponds  to  the  black  clay  loam  in  the 
middle  and  upper  Illinois  and  early  Wisconsin  glaciations.  In  Bond  county 
it  covers  2.48  square  miles  (1,587  acres),  or  .67  percent  of  the  county.  The 
areas  are  widely  scattered;  one  of  the  largest  is  found  south  of  Old  Ripley 
and  two  others  of  considerable  size  east  of  Greenville. 

The  surface  soil,  0 to  6%  inches,  is  a heavy  black  silt  loam  varying  in  some 
places  to  a clay  loam.  It  contains  4.9  percent  of  organic  matter,  or  49  tons 
per  acre,  an  amount  sufficient  to  make  it  quite  granular  and  keep  it  in  good 
physical  condition  if  properly  drained. 

The  subsurface  extends  15  to  18  inches  below  the  surface  soil  and  is  a dark 
clayey  silt  loam  containing  about  4 percent  of  organic  matter. 

The  subsoil  consists  of  a clay,  varying  in  color  from  dark  to  light  drab. 

The  presence  of  clay  and  organic  matter  imparts  to  this  type  of  soil  the 
property  of  shrinkage  to  a very  marked  degree,  and  in  times  of  drouth  large 
cracks  a foot  or  more  in  depth  are  formed,  which  sever  the  roots  and  damage 
the  crop  to  some  extent.  Drainage  and  good  cultivation  prevent  this  to  a con- 
siderable degree.  After  drainage,  rotation  of  crops  and  turning  under  crop 
residues  such  as  corn  stalks,  straw,- etc.,  together  with  good  tillage,  is  all  that  is 
necessary  to  keep  the  soil  in  good  physical  condition. 

This  black  silt  loam  is  by  far  the  richest  prairie  soil  in  the  county,  not 
only  in  phosphorus  and  nitrogen,  but  also  in  calcium  and  magnesium;  it  is 
somewhat  the  richest,  too,  in  potassium.  The  ratio  of  nitrogen  to  carbon  is  1 
to  12,  which  indicates  that  the  organic  matter  is  more  active  as  well  as  more 
abundant  in  this  type  than  in  the  other  prairie  types  in  Bond  county,  in  which 
the  ratio  is  only  1 to  10.  (Read  “ Supply  and  Liberation  of  Plant  Food”  in 
the  Appendix.)  A liberal  use  of  phosphorus  with  clover  in  rotation  is  needed 
for  marked  improvement  in  crop  yields  on  such  soil. 

No  field  experiments  have  been  conducted  on  black  silt  loam  on  clay,  but 
its  composition  is  practically  the  same  as  the  most  extensive  soil  type  in  the 
corn  belt,  the  common  brown  silt  loam.  When  well  drained  and  well  farmed 
with  a good  crop  rotation  including  clover,  phosphorus  is  the  single  factor 
which  holds  the  crop  yields  far  below  what  they  would  otherwise  be.  Thus,  on 
the  brown  silt  loam  at  the  Bloomington  soil  experiment  field,  the  values  per 
acre  of  eleven  crops  (1902-1912)  on  four  different  plots  where  no  phosphorus 
was  applied  were  $165.52  (with  lime),  $173.17  (with  lime,  crop  residues1), 
$169.66  (with  lime,  potassium),  and  $170.57  (with  lime,  residues,1  potassium)  ; 
whereas  the  corresponding  values  on  four  other  adjoining  or  intervening  plots 
whose  treatment  differed  only  by  the  addition  of  phosphorus  were  $255.44, 
$251.43,  $256.92,  and  $254.76.  Other  essentials  are  so  much  better  provided 
than  phosphorus  that  the  addition  of  this  element  paid  300  percent  on  the  in- 
vestment. 

*No  values  are  assigned  to  crop  residues  plowed  under  until  they  reappear  in  increased 
yields  of  subsequent  crops. 
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(b)  Upland  Timber  Soils 

The  upland  timber  soils  of  Bond  county  aggregate  126  square  miles,  or  more 
than  one-third  of  the  area.  They  are  usually  lighter  in  color  than  the  prairie 
soils,  because  of  the  more  nearly  complete  decay  of  the  residues  of  timber 
vegetation.  In  upland  forests  these  residues  consist  of  fallen  leaves,  branches, 
and  dead  trees,  which  become  almost  completely  decomposed  thru  exposure  to 
the  oxygen  of  the  air  and  to  fungi.  Even  the  large  roots  of  trees  thru  exposure 
at  the  stump  decay  rapidly  in  the  surface  soil.  Occasional  forest  fires  help  to 
complete  the  destruction.  (As  already  explained,  the  most  common  prairie 
soil  of  the  lower  Illinois  glaciation,  because  of  its  great  age  and  the  loss  of 
mineral  plant  food  by  leaching,  has  been  reduced  in  organic-matter  content  to 
about  the  condition  of  the  undulating  timber  land.) 

Yellow-Gray  Silt  Loam  (334) 

Yellow-gray  silt  loam  in  Bond  county  covers  48.76  square  miles  (31,206 
acres),  or  13.13  percent  of  the  area  of  the  county.  It  is  found  along  the  streams 
and  generally  lies  between  the  eroded  zone  of  yellow  silt  lo&m  (335)  and  the 
prairie  types.  In  topography  it  is  usually  undulating,  but  it  varies  from  nearly 
level  to  quite  rolling.  The  normal  slopes  are  long  and  gentle,  but  in  places 
very  short,  abrupt  slopes  of  yellow  silt  loam  occur,  Avhich  are  too  small  in  area 
to  be  shown  separately  on  the  map. 

The  surface  drainage  is  generally  good.  Erosion  takes  place  on  many 
slopes  where  no  means  are  taken  to  prevent  it.  While  this  type  was  once  gen- 
erally timbered,  it  is  also  sometimes  found  extending  into  the  prairie  along 
natural  drainage  channels,  and  as  these  particular  areas  represent  recent  erosion 
of  the  prairie,  * ‘scalds,”  or  tight-clay  outcrops,  are  often  found,  the  presence 
of  which  renders  these  narrow  areas  very  inferior  to  the  type  as  a whole,  and  in 
some  places,  almost  worthless.  These  “ scald”  areas  are  rarely  over  two  or 
three  acres  in  extent  and  more  frequently  are  only  a fraction  of  an  acre,  often 
occurring  as  narrow  strips  along  the  streams  or  draws. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  to  grayish  yellow  silt  loam. 
The  freshly  plowed  surface  when  first  dry  after  a rain  takes  on  a decidedly 
grayish  appearance.  The  type  varies  to  a lighter  color  as  it  grades  into  light 
gray  silt  loam  on  tight  clay  (332),  to  a darker  color  as  it  grades  into  the  prairie 
types  (330  and  328),  and  to  a more  yellowish  color  as  it  approaches  the  yellow 
silt  loam.  It  contains  some  fine  sand,  and  locally,  in  small  areas,  quite  ap- 
preciable amounts,  but  the  principal  constituent  is  silt  of  various  grades.  The 
organic-matter  content  is  2.28  percent,  or  about  23  tons  per  acre.  The  surface 
soil  is  porous  and  friable  but  “runs  together”  badly  because  of  its  shortage  in 
organic  matter  and  lime. 

The  subsurface,  like  the  surface,  varies  from  a gray  or  yellowish  gray  to  a 
yellow  silt  loam  sufficiently  porous  to  permit  slow  percolation ; its  physical  com- 
position is  such  that  capillary  movement  takes  place  very  readily.  In  thickness 
it  varies  from  6 to  about  16  inches. 

The  subsoil  is  a yellow  or  mottled  grayish  silt  or  clayey  silt,  somewhat 
compact  but  pervious.  The  depth  to  the  natural  subsoil  is  quite  variable,  owing 
to  the  amount  of  erosion  that  has  taken  place,  but  it  commonly  varies  from  10 
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to  20  inches.  In  places,  both  surface  and  subsurface  have  been  removed,  but 
this  is  unusual. 

The  growth  of  natural  vegetation  on  this  type  has  done  very  little  toward 
adding  organic  matter.  In  fact,  it  is  more  likely  true  that  the  growth  of  forest 
trees  has  reduced  the  content  of  this  constituent  in  the  original  soil.  At  any 
rate,  this  type  is  now  deficient  in  organic  matter,  and  one  of  the  most  important 
problems  in  its  management  is  to  increase  this  constituent.  In  -order  to  do  this, 
a rotation  must  be  carefully  planned,  and  all  crop  residues  and  legume  crops, 
or  their  equivalents  in  manure,  put  back  on  the  land.  Deep-rooting  crops,  such 
as  red,  mammoth,  or  sweet  clover,  should  be  grown;  but  in  order  to  grow  these 
successfully,  applications  of  ground  limestone  are  necessary.  If  the  soil  is  to 
be  enriched  and  its  productive  power  increased  and  maintained  in  any  per- 
manent way,  phosphorus  must  also  be  applied,  altho  the  application  may  well 
be  delayed  until,  thru  the  use  of  limestone  and  the  growth  of  clover,  some  or- 
ganic matter  can  be  turned  under;  or  else  kainit  should  be  applied  with  the 
phosphorus.  Very  marked  improvement  can  be  made  with  limestone  and  the 
organic  matter  which  it  helps  to  produce. 

Field  experiments  on  yellow-gray  silt  loam  in  the  lower  Illinois  glaciation 
were  begun  in  1910  in  Saline  county  near  Raleigh,  where  the  people  of  the 
community  have  provided  the  University  with  a very  suitable  tract  of  this  type 
of  soil  for  a permanent  soil  experiment  field.  There,  as  an  average  of  triplicate 
tests  each  year,  the  yield  of  corn  on  untreated  land  was  25.3  bushels  per  acre 
in  1910,  23.6  in  1911,  and  22.0  in  1912,  while  on  duplicate  plots  treated  with 
six  tons  per  acre  of  ground  limestone  and  the  limited  amount  of  organic  manures 
produced  upon  the  land,  the  corresponding  yields  were  41.4  bushels  in  1910, 
41.3  in  1911,  and  50.1  in  1912.  These  results  show  an  average  increase  of  20.6 
bushels,  of  which  only  6.6  bushels  are  due  to  organic  manures. 

As  an  average  of  duplicate  tests  with  each  crop  each  year  for  three  years, 
the  ground  limestone  increased  the  yields  by  14  bushels  of  corn,  10.55  bushels 
of  oats,  .85  ton  of  hay  (clover  or  cowpea),  and  4.45  bushels  of  wheat.  The 
value  of  these  increases  at  35  cents  for  corn,  30  cents  for  oats,  70  cents  for 
wheat,  and  $6  for  hay,  amounts  to  $16.28  and  corresponds  to  the  value  of  the 
increase  produced  by  limestone  on  one  acre  during  a four-year  rotation.  Thus 
the  limestone  paid  about  200  percent  interest  on  the  investment,  and  the  ap- 
plication of  6 tons  per  acre  is  sufficient  for  about  fifteen  years,  altho  in  order 
to  maintain  a liberal  amount  of  limestone  in  the  soil  it  is  well  to'  apply  about  2 
tons  per  acre  every  four  or  five  years  after  making  the  heavier  initial 
application. 

Owing  to  the  low  supply  of  active  organic  matter  in  the  soil  at  Raleigh, 
phosphorus  produced  no  benefit,  as  an  average,  during  the  first  two  years ; but 
with  the  turning  under  of  the  crop  residues  and  farm  manure  in  proportion 
to  the  crops  produced,  the  effect  of  phosphorus  is  seen  to  some  extent  in  the 
crops  of  1912  and  1913.  The  fourth  series  of  plots  will  receive  its  first  farm 
manure  for  the  1914  crops,  so  that  trustworthy  data  as  to  the  benefits  of  organic 
matter,  or  of  phosphorus  combined  with  organic  matter,  will  not  be  secured 
before  the  second  rotation  period. 
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Where  kainit  has  been  used  at  the  rate  of  200  pounds  for  each  year,  ap- 
plied in  connection  with  phosphate  and  in  addition  to  the  6 tons  of  limestone, 
the  average  increase  for  the  kainit  during  the  first  three  years  has  been  $2.90, 
or  only  about  half  its  cost. 

Yellow  Silt  Loam  (335) 

Yellow  silt  loam  in  Bond  county  includes  the  broken,  very  rolling,  and  hilly 
land  along  the  streams  and  sometimes  on  the  steep  slopes  of  ridges.  It  is  best 
to  keep  much  of  it  forested,  tho  when  properly  treated  it  makes  good  pasture 
land.  It  is  so  steeply  sloping  that  little  of  it  should  ever  be  cultivated.  When 
it  is  cultivated,  the  utmost  care  should  be  taken  to  prevent  washing,  which  is 
the  most  serious  danger  to  this  type  of  soil.  Already  many  fields  have  been 
ruined  by  gullying.  This  type  of  soil  covers  an  area  of  60.09  square  miles 
(38,458  acres),  or  16.15  percent  of  the  county. 

The  surface  soil  is  a friable  yellow  silt  loam  varying  somewhat  with 
topography.  The  less  broken  areas  are  a grayish  yellow,  while  the  steep  slopes 
are  reddish  yellow,  or  brownish  yellow  where  a little  more  organic  matter  re- 
mains. As  a rule,  the  soil  contains  enough  fine  sand  to  give  it  a fairly  good  tex- 
ture, but  it  is  very  deficient  in  organic  matter,  having  only  2 percent,  or  20 
tons  per  acre.  This  condition  contributes  toward  its  excessive  washing.  “Clay 
points,”  or  places  where  the  top  soil  has  been  removed  by  washing,  are  quite 
common,  and  they  are  very  unproductive. 

The  subsurface  varies  in  thickness ; where  little  or  no  washing  has  taken 
place  it  is  from  6 to  14  inches  thick.  It  consists  usually  of  a friable,  slightly 
loamy,  yellow  silt,  mottled  with  gray  or  with  reddish  blotches  of  iron  oxid. 

The  subsoil  is  usually  a somewhat  friable  and  quite  pervious,  yellow,  clayey 
silt.  Where  much  washing  has  occurred,  the  glacial  drift  frequently  forms  the 
subsoil. 

Of  most  importance  in  the  management  of  this  type  is  the  prevention  of 
much  loss  by  washing.  Erosion  occurs  as  sheet- washing  and  gullying.  Ordi- 
narily sheet-washing  is  not  thought  of  as  doing  very  much  damage,  but  it  is 
really  the  most  injurious  form  of  erosion.  Gullying  results  in  the  absolute  ruin 
of  small  areas,  but  sheet-washing  reduces  the  productive  capacity  of  large  areas 
to  such  an  extent  that  it  prevents  not  only  profitable  cropping  but  even  the 
growing  of  crops  large  enough  to  pay  for  their  raising.  Every  means  should 
be  taken  to  prevent  this  loss. 

The  steep,  gullied  slopes  probably  never  ca*n  be  reclaimed  with  profit  for 
cropping  purposes  at  the  present  average  prices  for  labor  and  farm  produce. 
The  forests  that  originally  covered  these  lands  should  never  have  been  entirely 
removed.  The  only  thing  that  made  these  lands  valuable  in  the  first  place  was 
the  forests,  and  to  make  them  of  any  future  value  they  should  be  reforested. 
This  has  been  done  in  a few  cases  and  has  met  with  excellent  success.  The  ac- 
companying illustrations  show  such  results.  The  black  locust  can  be  used  most 
successfully  for  this  purpose,  as  it  is  largely  independent  of  the  supply  of  nitroge- 
nous organic  matter  in  the  soil,  altho  it  is  subject,  of  course,  to  insect  injury 
which  is  sometimes  fatal.  Where  not  in  forest,  the  steep  land  should  be  kept  in 
pasture  as  much  as  possible ; if  cropped,  it  should  be  for  only  one  or  two  years 
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Plate  6. — Young  Grove  of  Black  Locust  Trees  on  Rolling  Hill  Land  in  Johnson 
County,  Illinois  (Grown  by  J.  C.  B.  Heaton) 

at  a time  and  then  the  land  should  be  reseeded  for  pasture.  Live-stock  is  indis- 
pensable to  general  farming  on  this  type  of  soil. 

Sheet-washing  on  the  moderate  slopes  may  be  prevented  to  a great  extent 
by  the  following  methods: 

(1)  By  increasing  the  organic-matter  content,  thus  binding  together  the 
soil  particles  and  rendering  the  soil  more  porous.  This  can  be  done  by  apply- 
ing farm  manure  and  plowing  under  stubble,  straw,  corn  stalks,  and  legume 
crops,  such  as  clover  and  cowpeas. 

(2)  By  deep  plowing  from  seven  to  ten  inches,  in  order  to  increase  the 
absorption  of  water  and  diminish  the  run-off.  Ten  inches  of  loose  soil  will 
readily  absorb  two  inches  of  rainfall  without  run-off. 

(3)  By  contour  plowing.  When  land  is  plowed  up  and  down  the  slope, 
as  is  often  done  in  this  state,  dead  furrows  are  made  which  furnish  excellent 
beginnings  for  gullies.  Even  the  little  depressions  between  furrows  aid  in 
washing.  Op  land  subject  to  serious  washing,  plowing  should  always  be  done 
across  the  slope,  on  the  contour,  so  that  water  will  stand  in  the  furrow  without 
running  in  either  direction.  Eveiy  furrow  will  then  act  as  an  obstruction  to 
the  movement  of  water  down  the  slope,  thus  checking  the  velocity  of  the  water 
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Plate  7. — Grove  of  Locust  Trees  About  Twenty-five  Years  Old  on  Polling  Hill  Land 
in  Johnson  County,  Illinois  (Grown  by  J.  C.  B.  Heaton) 

and  its  power  to  wash,  and  also  facilitating  absorption  and  diminishing  the 
amount  of  run-off. 

(4)  By  using  cover  crops  to  hold  the  soil  during  the  winter  and  spring. 
Rye  is  a fairly  good  cover  crop  to  sow  in  the  corn  during  the  late  summer  or 
early' fall.  Wheat,  especially  when  seeded  late,  is  a poor  crop  to  grow  on  rolling 
land  because  it  does  not  usually  make  sufficient  growth  in  the  fall  to  afford 
a good  protection  to  the  soil  during  winter.  Of  course  both  rye  and  wheat 
invite  the  development  of  chinch  bugs.  A mixture  of  winter  vetch  *and  clover 
with  a few  cowpeas,  seeded  at  the  time  of  the  last  cultivation  of  the  corn,  gives 
good  results  in  favorable  seasons.  (See  Circular  119,  “Washing  of  Soils  and 
Methods  of  Prevention.,,) 
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This  yellow  silt  loam  is  markedly  acid.  Where  cropping  is  practiced,  lime- 
stone should  be  used  liberally,  especially  for  the  benefit  of  clover  grown  to  pro- 
vide nitrogen,  in  which  this  soil  is  very  deficient,  particularly  where  it  has 
been  long  cultivated  and  thus  exposed  to  surface  washing.  On  such  land  nitro- 
gen is  the  element  which  now  first  limits  the  growth  of  grain  crops,  as  will  be 
seen  from  Plates  8 and  9 and  Tables  14  and  15. 

In  one  experiment,  a large  quantity  of  the  typical  worn  hill  soil  was  col- 
lected from  two  different  places.1  Each  lot  of  soil  was  thoroly  mixed  and  put 
m ten  four-gallon  jars.  Ground  limestone  was  added  to  all  the  jars  except  the 
first  and  last  in  each  set,  those  two  being  retained  as  control  or  check  pots. 
The  elements  nitrogen,  phosphorus,  and  potassium  were  added  singly  and  in 
combination,  as  shown  in  Table  14. 

As  an  average,  the  nitrogen  applied  produced  a yield  about  eight  times  as 
large  as  that  secured  without  the  addition  of  nitrogen.  While  some  variations 
in  yield  are  to  be  expected,  because  of  differences  in  the  individuality  of  seed 


Plate  8. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill 

Land  (See  Table  14) 


Table  14. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn 

Hill  Land 

(Grams  per  pot) 


Pot 

No. 

Soil  treatment  applied 

Wheat 

Oats 

1 

None 

3 

5 

2 

Limestone  

4 

4 

_ 3“ 

Limestone,  nitrogen 

26 

45 

4 

Limestone,  phosphorus 

3 

6 

5 

Limestone,  potassium 

3 

5 

6 

7 

8 

9 

10 


Limestone,  nitrogen,  phosphorus.  , 
Limestone,  nitrogen,  potassium.  . . 
Limestone,  phosphorus,  potassium. 


34 

33 

2 


Limestone,  nitrogen,  phosphorus,  potassium, 
None 


34 

3 


Average  yield  with  nitrogen . . . 
Average  yield  without  nitrogen. 
Average  gain  for  nitrogen 


32 

3 

29 


38 

46 

5 


38 

5 


42 

5 
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^oil  for  wheat  pots  from  loess-covered  unglaciated  area,  and  that  for  oat  pots  from 
upper  Illinois  glaciation. 
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or  other  uncontrolled  causes,  yet  there  is  no  doubting  the  plain  lesson  taught 
by  these  actual  trials  with  growing  plants. 

The  question  arises  next,  Where  is  the  farmer  to  secure  this  much-needed 
nitrogen?  To  purchase  it  in  commercial  fertilizer  would  cost  too  much; 
indeed,  under  average  conditions  the  cost  of  the  nitrogen  in  such  fertilizers  is 
greater  than  the  value  of  the  increase  in  crop  yields. 

There  is  no  need  whatever  to  purchase  nitrogen,  for  the  air  contains  an 
inexhaustible  supply,  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.  Clover,  alfalfa, 
cowpeas,  and  soybeans  are  not  only  worth  raising  for  their  own  sake,  but  they 
have  power  to  secure  nitrogen  from  the  atmosphere  if  the  soil  contains  lime- 
stone and  the  proper  nitrogen-fixing  bacteria. 

In  order  to  secure  further  information  along  this  line,  another  experiment 
with  pot  cultures  was  conducted  for  several  years  with  the  same  type  of  worn 
hill  soil  as  that  used  for  the  wheat  cultures  described  above.  The  results  are 
reported  in  Table  15. 

To  three  pots  (Nos.  3,  6,  and  9)  nitrogen  was  applied  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  the  crops  produced. 
In  three  other  pots  (Nos.  2,  11,  and  12)  a crop  of  cowpeas  was  grown  during 
the  late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were 
planted.  Pots  1 and  8 served  for  important  comparisons.  After  the  second 
catch  crop  of  cowpeas  had  been  turned  under,  the  yield  from  Pot  2 exceeded 


Plate  9. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill 

Land  (See  Table  15) 

Table  15. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn 
Hill  Land  and  Nitrogen-Fixing  Green  Manure  Crops 


(Grams  per  pot) 


Pot 

No. 

Soil  treatment 

1903 

Wheat 

1904 

Wheat 

1905 

Wheat 

1906 

Wheat 

1907 

Oats 

1 

None  

5 

4 

4 

4 

6 

2 

Limestone,  legume 

10 

17 

26 

19 

37 

11 

Limestone,  legume,  phosphorus 

14 

19 

20 

18 

27 

12 

Limestone,  legume,  phosphorus,  potassium.  . 

16 

20 

21 

19 

30 

3 

Limestone,  nitrogen 

17 

14 

15 

9 

28 

G 

Limestone,  nitrogen,  phosphorus 

26 

20 

18 

18 

30 

9 

Limestone,  nitrogen,  phosphorus,  potassium. 

31 

34 

21 

20 

26 

8 

Limestone,  phosphorus,  potassium 

3 

3 

5 

3 

7 
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that  from  Pot  3;  and  in  the  subsequent  years  the  legume  green  manures  pro- 
duced, as  an  average,  rather  better  results  than  the  commercial  nitrogen.  This 
experiment  confirms  that  reported  in  Table  14,  in  showing  the  very  great  need 
of  nitrogen  for  the  improvement  of  this  type  of  soil ; and  it  also  shows  that 
nitrogen  need  not  be  purchased,  but  that  it  can  be  obtained  from  the  air  by 
growing  legume  crops  and  plowing  them  under  as  green  manure.  Of  course 
the  soil  can  be  very  markedly  improved  by  feeding  the  legume  crops  to  live 
stock  and  returning  the  resulting  farm  manure  to  the  land,  if  crops  of  legumes 
are  grown  frequently  enough  and  if  the  farm  manure  produced  is  sufficiently 
abundant  and  is  saved  and  applied  with  care. 

When  this  type  of  soil  is  to  be  prepared  for  seeding  down,  it  may  well  be 
treated  with  five  tons  per  acre  of  ground  limestone,  in  order  to  encourage  the 
growth  of  clover  and  thus  make  possible  the  accumulation  of  nitrogen,  the  element 
in  which  this  type  is  most  deficient  wherever  it  has  been  long  under  cultivation. 
As  a rule,  it  is  not  advisable  to  try  to  enrich  this  soil  in  phosphorus,  because 
of  the  fact  that  erosion,  which  is  sure  to  occur  to  some  extent,  will  renew  the 
supply  from  the  subsoil. 

Field  experiments  covering  nine  years  have  been  conducted  on  the  yellow 
silt  loam  at  Vienna,  Johnson  county.  Here  heavy  applications  of  ground  lime- 
stone paid  nearly  200  percent  on  the  investment,  and  about  half  the  limestone 
applied  still  remained  in  the  soil  for  the  benefit  of  later  crops.  Neither  phos- 
phorus nor  potassium  produced  sufficient  increase  to  pay  the  cost.  (The  details 
of  these  investigations  are  reported  in  Soil  Report  No.  3,  “Hardin  County 
Soils.”) 

One  of  the  most  profitable  crops  to  grow  on  this  land  is  alfalfa.  To  get 
alfalfa  well  started  requires  a liberal  use  of  limestone,  thoro  inoculation  with 
nitrogen-fixing  bacteria,  and  a moderate  application  of  farm  manure.  If  ma- 
nure is  not  available,  it  is  well  to  apply  about  500  pounds  per  acre  of  acid  phos- 
phate or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if  possible,  and  then 
plow  it  under.  The  limestone  (about  5 tons)  should  be  applied  after  plowing 
and  mixed  with  the  surface  soil  in  the  preparation  of  the  seed  bed.  The  special 
purpose  of  this  treatment  is  to  give  the  alfalfa  a quick  start  in  order  that  it 
may  grow  rapidly  and  thus  protect  the  soil  from  washing. 

Light  Gray  Silt  Loam  on  Tight  Clay  (332) 

Light  gray  silt  loam  on  tight  clay  occurs  in  old  timbered  regions  where 
the  land  is  so  nearly  level  that  there  is  no  chance  for  rapid  surface  drainage. 
It  is  the  most  common  level  timber  land  of  Bond  county  and  occupies  a total 
area  of  16.45  square  miles  (10,528  acres),  or  4.42  percent  of  the  county.  The 
type  has  two  distinct  phases : one  phase  is  slightly  better  surface-drained,  but 
lighter  colored  and  less  productive;  the  other  is  more  swampy  (water  oaks  com- 
monly grow  on  this  phase),  with  a darker  surface  and  a greater  porosity,  so 
that  better  drainage  is  probably  possible.  The  amount  of  this  latter  phase  is 
small  as  compared  with  the  former  and  is  frequently  confined  to  narrow  strips 
too  small  to  map. 
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“Scalds”  are  found  on  this  type,  but  they  are  not  so  common  as  on  the 
gray  silt  loam  on  tight  clay  (330)  or  the  brown-gray  silt  loam  on  tight 
clay  (328). 

The  surface  soil  of  this  type,  0 to  6%  inches,  is  a light  gray  to  almost 
white  silt  loam  containing  1.6  percent  of  organic  matter,  or  16  tons  per  acre. 
It  is  somewhat  porous  and  incoherent,  but  contains  sufficient  clay  to  bake  when 
puddled  and  dried.  When  the  moisture  content  is  at  its  optimum,  the  soil 
works  very  well,  but  because  of  the  low  organic-matter  content  it  “runs  to- 
gether” badly  with  rains  or  with  freezing  and  thawing  when  wet.  The  surface 
soil,  as  well  as  the  subsurface  and  subsoil,  contains  large  numbers  of  iron  oxid 
concretions  of  various  sizes  up  to  one-fourth  inch  in  diameter.  Small  pebbles 
of  quartz  are  sometimes  found,  possibly  having  been  brought  to  the  surface 
from  the  underlying  glacial  till  by  burrowing  animals  during  past  centuries. 

The  subsurface  varies  from  light  gray  silt  loam  to  a white  silt,  compact 
but  friable,  from  2 to  20  inches  in  thickness.  Water  passes  thru  it  slowly. 

The  subsoil  consists  of  a compact  yellowish  gray  clayey  silt,  or  silty  clay, 
only  slowly  pervious  to  water,  but  usually  not  quite  so  tight  as  the  correspond- 
ing layer  of  the  gray  silt  loam  on  tight  clay  (330).  In  places  the  type  has  a 
somewhat  more  friable  subsoil  which  is  not  so  nearly  impervious  as  the  sub- 
surface. Where  the  tight  clay  occurs  at  the  greater  depths  from  the  surface, 
it  is  less  objectionable. 

An  invoice  of  plant  food  shows  great  need  of  nitrogen  and  phosphorus. 
With  provision  made  for  these,  with  a liberal  use  of  limestone  and  organic 
matter,  including  legume  residues  or  farm  manure,  and  with  proper  surface 
drainage,  the  soil  can  be  made  highly  productive. 

White  Silt  Loam  on  Tight  Clay  (332.1) 

White  silt  loam  on  tight  clay  is  found  on  the  level  upland,  and  it  is  now  or 
was  formerly  covered  by  a growth  of  stunted  trees,  principally  the  so-called 
post  oak.  The  term  post-oak  flat  or  post-oak  soil  is  commonly  applied  to  this 
type,  altho  these  terms  are  often  used  locally  to  designate  the  poorer  phase  of 
light  gray  silt  loam  on  tight  clay  (332).  The  surface  drainage  is  very  poor 
and  the  subsoil  is  almost  impervious.  The  total  mapped  area  of  this  type  in 
the  county  is  only  435  acres,  but  there  are  many  small  areas  that  cannot  be 
shown  on  the  map.  Much  of  the  light-gray  silt  loam  on  tight  clay  (332)  grades 
toward  this  related  type  (332.1). 

Where  land  of  this  type  has  been  cultivated,  the  surface  soil,  0 to  6% 
inches,  is  a white  silt;  in  the  timbered  areas  this  characteristic  white  silt  is 
sometimes  overlain  by  an  inch  or  two  of  dark  gray  silt  loam.  The  organic- 
matter  content  of  this  layer  is  even  lower  in  this  type  than  in  the  light  gray  silt 
loam,  containing  only  1.25  percent,  or  12.5  tons  per  acre.  Because  of  this 
lack  of  organic  matter  and  the  high  silt  content,  the  soil  “runs  together”  badly. 
Iron  oxid  concretions  are  always  present. 

The  subsurface  layer  is  a white  silt  with  many  iron  oxid  concretions.  It 
varies  from  4 to  16  inches  in  thickness  and  passes  abruptly  into  the  subsoil. 

The  subsoil  is  a light  yellow,  iron-stained,  silty  clay,  very  tough  and  plastic 
when  wet  and  hard  when  dry,  with  an  organic-matter  content  of  only  .30 
percent.  Both  subsurface  and  subsoil  are  almost  impervious. 
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The  first  need  of  this  soil  is  ground  limestone,  the  initial  application  of 
which  may  well  be  4 to  6 tons  per  acre.  The  increase  in  organic  matter  should 
follow  as  rapidly  as  practicable.  Legumes,  such  as  cowpeas,  clover,  and  sweet 
clover,  should  be  grown  and  turned  under  with  farm  manure  and  crop  residues, 
such  as  straw  and  corn  stalks.  For  such  flat,  poorly  drained  land,  alsike  is 
usually  a more  satisfactory  crop  than  red  clover.  Finally,  phosphorus  should 
be  used  liberally  in  connection  with  the  organic  matter  in  order  to  provide  a 
permanent  system  of  soil  improvement. 

(c)  Ridge  Soils 
Yellow  Silt  Loam  (235) 

The  morainal  ridges  of  the  lower  Illinois  glaciation  have  given  a slight 
variation  to  the  usual  level  topography  of  this  region,  their  height  varying 
from  20  to  100  feet  or  more.  A fine  covering  of  loess  from  5 to  10  feet  deep, 
together  with  excellent  drainage,  has  resulted  in  the  formation  on  these  ridges 
of  a soil. known  as  yellow  silt  loam,  very  different  from  the  surrounding  prairie 
but  somewhat  resembling  in  texture  the  better  phase  of  the  yellow  silt  loam 
timber  land  (335)  already  described.  The  total  area  of  this  type  in  Bond 
county  is  12.41  square  miles  (7,942  acres)  or  3.33  percent  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  or  yellowish  brown  silt  loam 
with  a considerable  amount  of  very  fine  sand.  The  color  varies  with  the  amount 
of  erosion  that  has  taken  place.  Where  little  washing  has  occurred,  the  color 
may  be  a yellowish  brown,  while  with  more  washing  it  becomes  yellow.  The 
soil  is  loose,  porous,  and  readily  pervious  to  water.  Its  physical  composition  is 
such  as  to  give  it  great  water-retaining  power  and  strong  capillarity,  so  that 
it  will  resist  drouth  well  if  properly  cultivated.  The  organic-matter  content 
is  about  1.8  percent,  or  18  tons  per  acre. 

The  subsurface  layer,  extending  from  6%  to  about  20  inches  below  the 
surface,  varies  from  a yellowish  brown  silt  loam  to  a yellow  silt  or  a slightly 
clayey  silt.  It  becomes  more  compact  with  depth  but  still  retains  its  pervious- 
ness and  capillary  power. 

The  upper  part  of  the  subsoil  is  somewhat  compact  and  slightly  clayey,  but 
it  passes  into  a friable  silt  containing  some  fine  sand.  It  is  yellow  or  reddish 
yellow  in  color.  Below  24  inches  it  is  sometimes  slightly  gray  or  marked  with 
gray  blotches,  and  when  grading  toward  yellow-gray  silt  loam  (334)  it  becomes 
decidedly  gray  in  places.  This  soil,  considered  from  a physical  standpoint,  is 
almost  as  good  as  could  be  desired.  In  respect  to  aeration,  drainage,  and  ability 
to  withstand  drouth,  it  is  one  of  the  best  upland  types  in  the  county. 

The  organic-matter  content  should  be  increased  by  growing  clovers  and 
cowpeas,  and  these  should  be  turned  under  directly  or  as  farm  manure,  together 
with  crop  residues,  straw,  and  corn  stalks.  The  maintenance  of  organic  matter 
is  made  more  difficult  because  of  the  rolling  character  of  the  land,  which  facili- 
tates erosion  and  the  removal  of  the  best  soil. 

This  ridge  soil  contains  no  limestone.  As  a rule  the  subsoil  is  markedly 
acid,  but  with  a liberal  use  of  limestone  and  thoro  inoculation  it  becomes  a 
very  good  soil  for  alfalfa,  altho  where  badly  worn  manure  may  well  be  used 
in  getting  the  alfalfa  started.  (See  also  discussion  of  yellow  silt  loam,  No.  335.) 
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Gray-Red  Silt  Loam  on  Tight  Clay  (233) 

Gray-red  silt  loam  on  tight  clay  occurs  on  some  of  the  ridges,  which  are 
in  part  at  least  of  preglacial  origin,  rising  from  5 to  75  feet  above  the  sur- 
rounding upland.  As  a rule,  it  is  one  of  the  poorest  upland  types  in  the  state, 
but  most  of  the  areas  in  this  county  are  a better*  phase  of  the  type  than,  ordinary. 
This  type  in  Bond  county  occupies  922  acres.  In  some  places  it  may  suffer 
from  erosion,  but  it  is  extremely  doubtful  whether  tile-drainage  would  profitably 
benefit  this  soil, — at  best,  not  until  other  methods  of  improvement  have  been 
put  into  practice. 

The  surface  soil  is  a friable  gray  silt  loam  very  similar  to  that  of  the  gray 
silt  loam  on  tight  clay  (330). 

The  subsurface  layer  also  resembles  the  corresponding  stratum  in  gray 
silt  loam  on  tight  clay  both  in  texture  and  thickness,  but  it  contains  more  of 
the  higher  oxid  of  iron,  which  gives  it  a reddish  color.  As  a rule,  the  organic- 
matter  content  is  low. 

The  subsoil  lies  from  7 to  20  inches  below  the  surface  and  consists  of  a 
layer  of  very  plastic,  gummy,  almost  impervious  red  clay,  varying  from  4 to 
12  inches  in  thickness  and  underlain  by  a less  plastic  and  more  silty  stratum. 
When  dry,  the  red  clay  becomes  so  hard  that  it  is  next  to  impossible  to  bore 
into  it  with  an  auger.  Where  this  layer  appears  at  the  surface,  as  it  does  on 
some  small  eroded  areas,  the  land  is  practically  worthless. 

This  type  of  soil  closely  resembles  the  more  extensive  gray  silt  loam  on  tight 
clay  (330).  Methods  for  its  improvement  are  the  same,  except  on  areas  sub- 
ject to  considerable  erosion,  where  the  addition  of  phosphorus  is  not  advised. 
This  factor  of  erosion,  together  with  the  tighter  texture,  as  a rule  will  make 
the  improvement  of  this  type  less  satisfactory  than  that  of  the  gray  silt  loam. 

Yellow  Fine  Sandy  Silt  Loam  (245) 

Yellow  fine  sandy  silt  loam  occupies  some  of  the  highest  glacial  ridges, 
which  have  been  covered  with  a deposit  of  loess  varying  from  10  to  20  feet  in 
thickness  and  of  slightly  coarser  grade  than  the  surrounding  deposits.  The 
type  has  always  been  well  drained  and  as  a result  is  well  oxidized.  Practically 
all  of  it  was  originally  forested.  The  total  area  in  Bond  county  is  almost  2 
square  miles  (1,267  acres),  or  .53  percent  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a brownish  yellow  to  a yellowish  brown 
silt  loam  containing  from  25  to  35  percent  of  fine  sand.  It  also  contains  much 
coarse  silt.  This  mixture  furnishes  the  basis  for  an  ideal  soil.  It  is  easy  to 
work,  porous,  and  at  the  same  time  has  great  water-retaining  power  and  strong 
capillarity,  so  that  it  will  resist  drouth  well  when  properly  cared  for.  The 
organic-matter  content  is  about  2 percent,  or  20  tons  per  acre. 

The  subsurface  layer  varies  from  a yellowish  brown  to  a yellow  silt  loam, 
containing  slightly  more  clay  than  the  surface  soil.  It  becomes  somewhat 
more  compact  with  depth,  but  still  retains  its  perviousness  and  capillary  power. 

The  upper  part  of  the  subsoil  is  a somewhat  compact,  clayey  silt,  but  it 
passes  into  a very  pervious  friable  silt  containing  considerable  amounts  of  fine 
sand  and  coarse  silt.  It  is  yellow  or  reddish  yellow  in  color  and  rarely  con- 
tains the  gray  blotches  which  are  so  common  in  yellow  silt  loam  (235). 
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From  a physical  standpoint  this  type  is  the  best  upland  soil  in  the  county. 
As  a rule  it  is  low  in  organic  matter  and  slightly  acid.  The  organic  matter 
should  of  course  be  increased,  altho  the  rolling  character  of  the  type  renders 
this  problem  difficult. 

Like  most  soils  that  are  subject  to  much  erosion,  this  type  is  poor  in  nitro- 
gen and  rich  in  potassium.  The  supply  of  phosphorus  is  low  but  it  increases 
with  depth,  so  that  erosion  enriches  the  soil  in  that  constituent.  For  this  rea- 
son and  also  because  of  the  extensive  feeding  range  afforded  by  the  porous 
character  of  the  soil,  the  addition  of  phosphorus  is  not  advised. 

Very  marked  and  profitable  improvement  can  be  made  with  the  use  of 
limestone  and  legumes,  and  these  means  are  sufficient  to  provide  for  permanent 
systems  of  moderately  high  production. 

(d)  Bottom-Land  Soils 
Deep  Gray  Silt  Loam  (1331) 

Deep  gray  silt  loam  occurs  along  most  of  the  streams  of  the  lower  Illinois 
glaciation.  It  is  formed  from  the  gray,  yellow-gray,  and  yellow  silt  loams  that 
have  washed  down  from  the  upland  and  blended  into  a gray  or  yellowish  gray 
soil.  During  floods  these  lands  in  most  places  still  receive  frequent  or  oc- 
casional deposits  of  new  material.  Aside  from  the  difficulties  from  overflow 
and  lack  of  drainage,  this  is  the  most  valuable  extensive  soil  type  in  Bond 
county.  \ 

This  type  occupies  a total  area  of  26.22  square  miles  (16,781  acres),  or 
7.05  percent  of  the  county.  It  lies  so  low  that  the  drainage  is  generally  poor, 
and  there  is  often  much  difficulty  in  getting  sufficient  outlet  for  under-drainage 
or  sometimes  even  for  adequate  surface  drainage.  Where  a satisfactory  outlet 
can  be  secured,  tile  drainage  greatly  benefits  this  soil. 

The  surface  soil  is  a gray  silt  loam,  varying  from  a gray  to  a drab  in  color 
and  from  a loam  to  a clayey  silt  loam  in  physical  composition. 

The  subsurface  and  subsoil  are  about  the  same  as  the  surface  except  that 
they  are  lighter  in  color  and  commonly  a little  more  clayey  with  depth.  In  the 
smaller  stream  bottoms,  the  recent  deposits  are  frequently  yellow  and  slightly 
sandy,  and  consequently  there  is  found  in  places  a stratum  of  yellow  on  the 
gray,  varying  from  a few  inches  to  a foot  or  more  in  thickness. 

In  phosphorus  content,  this  type  exceeds  the  most  common  prairie  soil  of 
the  corn  belt.  The  porous  subsoil  affords  such  a deep  feeding  range  that  the 
application  of  that  element  is  not  likely  to  give  profitable  returns,  except  where 
overflow  is  not  common  and  where  the  soil  has  been  long  cropped. 

The  soil  of  this  type  is  acid.  It  is  also  rather  poor  in  nitrogen,  altho  this 
deficiency  is  counterbalanced  to  a large  extent  by  the  great  depth  and  porosity 
of  the  soil. 

While  the  overflow  and  drainage  problems  are  of  first  importance,  where 
these  are  under  sufficient  control  to  permit  of  soil  improvement  the  use  of  lime- 
stone and  the  addition  of  nitrogenous  organic  matter,  such  as  clover  or  manure 
plowed  under,  will  make  this  soil  still  more  productive ; and  if  the  land  is  pro- 
tected from  the  usual  overflow  deposits,  the  addition  of  phosphorus  will  ulti- 
mately be  necessary;  even  now  it  is  likely  to  be  profitable  for  the  highest  im- 
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provement  of  the  soil.  To  illustrate,  it  may  be  pointed  out  that  on  the  Uni- 
versity Farm  at  Urbana,  land  that  has  yielded  72.5  bushels  of  corn  per  acre  as 
a six-year  average,  in  a rotation  of  corn,  oats,  and  clover,  with  limestone  and 
organic  manures  provided,  has  with  the  addition  of  phosphorus  made  an  aver- 
age of  88.5  bushels  during  the  same  years.  Thus  there  may  be  room  for  phos- 
phorus “at  the  top,”  even  where  very  satisfactory  yields  may  be  secured  with- 
out its  application  and  where  other  factors  are  of  first  importance. 

Beep  Brown  Silt  Loam  (1326) 

The  basic  material  for  the  deep  brown  silt  loam  naturally  belongs  to  the 
middle  Illinois  glaciation  with  its  dark-colored  upland  soils,  but  this  has  been 
covered  by  loads  of  dark  sediment  brought  down  by  Shoal  creek  and  its  tribu- 
taries and  deposited  over  their  flood  plains.  This  sediment  has  been  more  or 
less  mixed  with  material  brought  in  by  small  streams  from  the  light-colored 
upland  soils,  resulting  in  the  formation  of  soils  intermediate  in  character  or 
lacking  in  uniformity.  The  bottoms  along  the  streams  vary  in  width  from  a 
few  rods  to  more  than  a mile.  The  soil  of  the  narrower  bottoms  has  a tendency 
to  be  darker  than  that  of  the  wider  areas.  This  type  occupies  13.74  square 
miles  (8,794  acres),  or  3.7  percent  of  the  area  of  Bond  county.  In  topography 
it  is  flat  or  with  very  slight  undulations  that  represent  old  stream  or  overflow 
channels.  Better  drainage  is  needed  in  much  of  this  area. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam,  varying  in  places, 
especially  in  the  flat,  poorly  drained  areas,  to  a gray  silt  loam.  While  the 
organic-matter  content  of  this  type  is  not  high,  yet  it  is  more  easily  maintained 
here  than  in  the  upland  because  of  the  occasional  overflow  and  the  consequent 
deposition  of  material  rich  in  organic  matter.  The  physical  composition  of  this 
soil  varies  from  a heavy  silt  loam  to  a sandy  loam,  but  the  areas  of  these  extreme 
types,  especially  the  latter,  are  so  small  and  so  changeable  that  it  would  not 
mean  much  to  show  them  on  the  map,  as  the  next  flood  might  change  their 
boundaries. 

The  subsurface  varies  from  a brown  silt  loam  to  a gray  silt  loam. 

The  subsoil  varies  in  color  from  a brown  to  a yellowish  drab,  and  in  physical 
composition  from  a clayey  silt  to  a sandy  loam  or  sometimes  even  a sand  in  the 
lower  subsoil. 

Under  the  usual  conditions  it  is  very  doubtful  whether  any  materials  can 
be  applied  to  this  soil  with  profit,  but  where  feasible  some  legumes  should  be 
grown  in  the  crop  rotation. 
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APPENDIX 

A study  of  the  soil  map  and  the  tabular  statements  concerning  crop  require- 
ments, the  plant-food  content  of  the  different  soil  types,  and  the  actual  results 
secured  from  definite  field  trials  with  different  methods  or  systems  of  soil  im- 
provement, and  a careful  study  of  the  discussion  of  general  principles  and  of 
the  descriptions  of  individual  soil  types,  will  furnish  the  most  necessary  and  use- 
ful information  for  the  practical  improvement  and  permanent  preservation  of 
the  productive  power  of  every  kind  of  soil  on  every  farm  in  the  county. 

More  complete  information  concerning  the  most  extensive  and  important  soil 
types  in  the  great  soil  areas  in  all  parts  of  Illinois  is  contained  in  Bulletin  123, 
'‘The  Fertility  in  Illinois  Soils,”  which  contains  a colored  general  soil-survey 
map  of  the  entire  state. 

Other  publications  of  general  interest  are : 

Bulletin  No.  76,  “Alfalfa  on  Illinois  Soils’ ’ 

Bulletin  No.  94,  “Nitrogen  Bacteria  and  Legumes’’ 

Bulletin  No.  115,  “Soil  Improvement  for  the  Worn  Hill  Lands  of  Illinois” 

Bulletin  No.  125,  “Thirty  Years  of  Crop  Rotation  on  the  Common  Prairie  Lands  of 
Illinois” 

Circular  No.  82,  “Physical  Improvement  of  Soils” 

Circular  No.  110,  “Ground  Limestone  for  Acid  Soils” 

Circular  No.  127,  “Shall  We  Use  Natural  Rock  Phosphate  or  Manufactured  Acid  Phos- 
phate for  the  Permanent  Improvement  of  Illinois  Soils?” 

Circular  No.  129,  “The  Use  of  Commercial  Fertilizers”' 

Circular  No.  149,  “Results  of  Scientific  Soil  Treatment”  and  “Methods  and  Results  of 
Ten  Years’  Soil  Investigation  in  Illinois” 

Circular  No.  165,  “Shall  We  Use  ‘Complete’  Commercial  Fertilizers  in  the  Corn  Belt?” 
Circular  Nc.  167,  “The  Illinois  System  of  Permanent  Fertility” 

Note. — Information  as  to  where  to  obtain  limestone,  phosphate,  bone  meal,  and  potas- 
sium salts,  methods  of  application,  etc.,  will  also  be  found  in  Circulars  110  and  165. 

Soil  Survey  Methods 

The  detail  soil  survey  of  a county  consists  essentially  of  ascertaining,  and 
indicating  on  a map,  the  location  and  extent  of  the  different  soil  types;  and, 
since  the  value  of  the  survey  depends  upon  its  accuracy,  every  reasonable  means 
is  employed  to  make  it  trustworthy.  To  accomplish  this  object  three  things  are 
essential : first,  careful,  well-trained  men  to  do  the  work ; second,  an  accurate 
base  map  upon  which  to  show  the  results  of  the  work;  and,  third,  the  means 
necessary  to  enable  the  men  to  place  the  soil-type  boundaries,  streams,  etc., 
accurately  upon  the  map. 

The  men  selected  for  the  work  must  be  able  to  keep  their  location  exactly 
and  to  recognize  the  different  soil  types,  with  their  principal  variations  and  lim- 
its, and  they  must  show  these  upon  the  maps  correctly.  A definite  system  is 
employed  in  checking  up  this  work.  As  an  illustration,  one  soil  expert  will  sur- 
vey and  map  a strip  80  rods  or  160  rods  Avide  and  any  convenient  length,  while 
his  associate  will  work  independently  on  another  strip  adjoining  this  area,  and, 
if  the  work  is  correctly  done,  the  soil  type  boundaries  must  match  up  on  the 
line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  mapping. 
The  base  maps  are  made  on  a scale  of  one  inch  to  the  mile.  The  official  data 
of  the  original  or  subsequent  land  survey  are  used  as  a basis  in  the  construc- 
tion of  these  maps,  Avhile  the  most  trustworthy  county  map  available  is  used  in 
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locating  temporarily  the  streams,  roads,  and  railroads.  Since  the  best  of  these 
published  maps  have  some  inaccuracies,  the  location  of  every  road,  stream,  and 
railroad  must  be  verified  by  the  soil  surveyors,  and  corrected  if  wrongly  located. 
In  order  to  make  these  verifications  and  corrections,  each  survey  party  is  pro- 
vided with  an  odometer  for  measuring  distances,  and  a plane  table  for  deter- 
mining directions  of  angling  roads,  railroads,  etc. 

Each  surveyor  is  provided  with  a base  map  of  the  proper  scale,  which  is 
carried  with  him  in  the  field ; and  the  soil-type  boundaries,  ditches,  streams,  and 
necessary  corrections  are  placed  in  their  proper  locations  upon  the  map  while 
the  mapper  is  on  the  area.  Each  section,  or  square  mile,  is  divided  into  40-acre 
plots  on  the  map,  and  the  surveyor  must  inspect  every  ten  acres  and  determine 
the  type  or  types  of  soil  composing  it.  The  different  types  are  indicated  on  the 
map  by  different  colors,  pencils  for  this  purpose  being  carried  in  the  field. 

A small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  carried  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle,  while  distances  in  the  field  off 
the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become  expert  by 
practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a degree  of  ac- 
curacy as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 


Soil  Characteristics 


The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more  or 
less  definite  characteristics.  The  line  of  separation  between  adjoining  types  is 
usually  distinct,  but  sometimes  one  type  grades  into  another  so  gradually  that 
it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

Several  factors  must  be  taken  into  account  in  establishing  soil  types.  These 
ar,e  (1)  the  geological  origin  of  the  soil,  whether  residual,  glacial,  loessial,  al- 
luvial, colluvial,  or  cumulose;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  structure,  or  the  depth 
and  character  of  the  surface,  subsurface,  and  subsoil;  (5)  the  physical,  or  me- 
chanical, composition  of  the  different  strata  composing  the  soil,  as  the  percent- 
ages of  gravel,  sand,  silt,  clay,  and  organic  matter  which  they  contain;  (6)  the 
texture,  or  porosity,  granulation,  friability,' plasticity,  etc.;  (7)  the  color  of  the 
strata;  (8)  the  natural  drainage;  (9)  the  agricultural  value,  based  upon  its 
natural  productiveness;  (10)  the  ultimate  chemical  composition  and  reaction. 

The  common  soil  constituents  are  indicated  in  the  following  outline : 


Organic 

matter 


fComprising  undecomposed  and  partially  decayed 
vegetable  or  organic  material 


Soil 

constituents 


Inorganic 

matter 


Clay.  . 
Silt.  . . 
J Sands. 
Gravel 
Stones 


. .001  mm.1  and  less 
001  mm.  to  .03  mm. 
. .03  mm.  to  1.  mm. 
. . . 1.  mm.  to  32  mm. 
. . .32.  mm.  and  over 


Further  discussion  of  these  constituents  is  given  in  Circular  82. 


J25  millimeters  equal  1 inch. 
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Groups  of  Soil  Types 

The  following  gives  the  different  general  groups  of  soils: 

Peats — Consisting  of  35  percent  or  more  of  organic  matter,  sometimes  mixed 
with  more  or  less  sand  or  silt. 

Peaty  loams — 15  to  35  percent  of  organic  matter  mixed  wdth  much  sand. 
Some  silt  and  a little  clay  may  be  present. 

Mucks — 15  to  35  percent  of  partly  decomposed  organic  matter  mixed  with 
much  clay  and  silt. 

Clays — Soils  with  more  than  25  percent  of  clay,  usually  mixed  with  much 

silt. 

Clay  loams — Soils  with  from  15  to  25  percent  of  clay,  usually  mixed  with 
much  silt  and  some  sand. 

Silt  loams — Soils  with  more  than  50  percent  of  silt  and  less  than  15  percent 
of  clay,  mixed  with  some  sand. 

Loams — Soils  with  from  30  to  50  percent  of  sand  mixed  with  much  silt  and 
a little  clay. 

Sandy  loams — Soils  with  from  50  to  75  percent  of  sand. 

Fine  sandy  loams — Soils  with  from  50  to  75  percent  of  fine  sand  mixed  with 
much  silt  and  little  clay. 

Sands — Soils  with  more  than  75  percent  of  sand. 

Gravelly  loams — Soils  with  25  to  50  percent  of  gravel  with  much  sand  and 
some  silt. 

Gravels — Soils  with  more  than  50  percent  of  gravel  and  much  sand. 

Stony  loams — Soils  containing  a considerable  number  of  stones  over  one  inch 
in  diameter. 

Rock  outcrop — Usually  ledges  of  rock  having  no  direct  agricultural  value. 

More  or  less  organic  matter  is  found  in  all  the  above  groups. 

Supply  and  Liberation  of  Plant  Food 

The  productive  capacity  of  land  in  humid  sections  depends  almost  wholly 
upon  the  power  of  the  soil  to  feed  the  crop ; and  this,  in  turn,  depends  both 
upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at  which 
it  is  liberated,  or  rendered  soluble  and  available  for  use  in  plant  growth. 
Protection  from  weeds,  insects,  and  fungous  diseases,  tho  exceedingly  important, 
is  not  a positive  but  a negative  factor  in  crop  production. 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is  gov- 
erned by  many  factors,  some  of  wdiich  may  be  controlled  by  the  farmer,  while 
others  are  largely  beyond  his  control.  Chief  among  the  important  controllable 
factors  which  influence  the  liberation  of  plant  food  are  limestone  and  decaying 
organic  matter,  which  may  be  added  to  the  soil  by  direct  application  of  ground 
limestone  and  farm  manure.  Organic  matter  may  be  supplied  also  by  green- 
manure  crops  and  crop  residues,  such  as  clover,  cowpeas,  straw,  and  corn  stalks. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age  and  origin, 
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and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows  correctly  the 
total  organic  carbon,  which  represents,  as  a rule,  but  little  more  than  half  the 
organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the  plowed  soil  of 
an  acre  correspond  to  nearly  20  tons  of  organic  matter.  But  this  organic  mat- 
ter consists  largely  of  the  old  organic  residues  that  have  accumulated  during  the 
past  centuries  because  they  were  resistant  to  decay,  and  2 tons  of  clover  or 
ccwpeas  plowed  under  may  have  greater  power  to  liberate  plant  food  than  the 
20  tons  of  old,  inactive  organic  matter.  The  recent  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  addi 
tions  of  active  organic  matter,  whether  in  applications  of  farm  manure,  in 
legume  crops,  or  in  grass-root  sods  of  old  pastures. 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners  than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and 
at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same 
kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by 
the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field ; and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  powTer  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

As  the  organic  matter  decays,  certain  decomposition  products  are  formed, 
including  much  carbonic  acid,  some  nitric  acid,  and  various  organic  acids,  and 
these  have  power  to  act  upon  the  soil  and  dissolve  the  essential  mineral  plant 
foods,  thus  furnishing  soluble  phosphates,  nitrates,  and  other  salts  of  potassium, 
magnesium,  calcium,  etc.,  for  the  use  of  the  growing  crop. 

As  already  explained,  fresh  organic  matter  decomposes  much  more  rapidly 
than  old  humus,  which  represents  the  organic  residues  most  resistant  to  decay 
and  which  consequently  has  accumulated  in  the  soil  during  the  past  centuries. 
The  decay  of  this  old  humus  can  be  hastened  both  by  tillage,  which  maintains 
a porus  condition  and  thus  permits  the  oxygen  of  the  air  to  enter  the  soil  more 
freely  and  to  effect  the  more  rapid  oxidation  of  the  organic  matter,  and  also  by 
incorporating  with  the  old,  resistant  residues  some  fresh  organic  matter,  such 
as  farm  manure,  clover  roots,  etc.,  which  decay  rapidly  and  thus  furnish  or  lib- 
erate organic  matter  and  inorganic  food  for  bacteria,  the  bacteria,  under  such 
favorable  conditions,  appearing  to  have  power  to  attack  and  decompose  the  old 
humus.  It  is  probably  for  this  reason  that  peat,  a very  inactive  and  inefficient 
fertilizer  when  used  by  itself,  becomes  much  more  effective  when  composted  withj 
fresh  farm  manure ; so  that  two  tons  of  the  compost1  may  be  worth  as  much  as 
two  tons  of  manure,  but  if  applied  separately,  the  peat  has  little  value.  Bac- 
terial action  is  also  promoted  by  the  presence  of  limestone. 

1In  his  book,  ‘ { Fertilizers,  ’ ’ published  in  1839,  Cuthbert  W.  Johnson  reported  such  com- 
post to  have  been  much  used  in  England  and  to  be  valued  as  highly,  ‘ 1 weight  for  weight,  as 
farm-yard  dung.  ” 
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The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ; and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon  as 
nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil;  while 
in  old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  of  nitrogen. 
Soils  of  cut-over  or  burnt-over  timber  lands  sometimes  contain  so  much  partially 
decayed  wood  or  charcoal  as  to  destroy  the  value  of  the  nitrogen-carbon  ratio 
for  the  purpose  indicated.  (Except  in  newly  made  alluvial  soils,  the  ratio  is 
usually  narrower  in  the  subsurface  and  subsoil  than  in  the  surface  stratum.) 

It  should  be  kept  in  mind  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is 
absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  agricultural  plants,  only  one  (hydrogen)  from  water,  and 
seven  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes),  in  case  the  amount  liberated  from  the  soil  is  insufficient;  but  even 
these  plants  (which  include  only  the  clovers,  oeas,  beans,  and  vetches,  among 
our  common  agricultural  plants)  secure  from  the  soil  alone  six  elements  (phos- 
phorus, potassium,  magnesium,  calcium,  iron,  and  sulfur),  and  also  utilize  the 
soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period  of 
growth. 

Plants  are  made  of  plant-food  elements  in  just  the  same  sense  that  a build- 
ing is  made  of  wood  and  iron,  brick,  stone,  and  mortar.  Without  materials, 
nothing  material  can  be  made.  The  normal  temperature,  sunshine,  rainfall,  and 
length  of  season  in  central  Illinois  are  sufficient  to  produce  50  bushels  of  wheat 
per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4 tons  of  clover  hay ; and, 
where  the  land  is  properly  drained  and  properly  tilled,  such  crops  would  fre- 
quently be  secured  if  the  plant  foods  were  present  in  sufficient  amounts  and 
liberated  at  a sufficiently  rapid  rate  to  meet  the  absolute  needs  of  the  crops. 

Crop  Requirements 

The  accompanying  table  shows  the  requirements  of  wheat,  corn,  oats,  and 
clover  for  the  five  most  important  plant-food  elements  which  the  soil  must  fur- 
nish. (Iron  and  sulfur  are  supplied  normally  in  sufficient  abundance  compared 
with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit  the 
yield  of  general  farm  crops  grown  under  normal  conditions.) 
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Table  A. — Plant  Food  in  Wheat,  Corn,  Oats,  and  Clover 


Produce 

Nitro- 

Phos- 

Potas- 

Magne- 

Cal- 

Kind 

Amount 

gen 

phorus 

sium 

sium 

cium 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Wheat,  grain 

50  bu. 

71 

12 

13 

4 

1 

Whea  t straw 

21/£  tons 

25 

4 

45 

4 

10 

Corn,  grain 

100  bu. 

100 

17 

19 

7 

1 

Corn  stover 

3 tons 

48 

6 

52 

10 

21 

Corn  cobs 

% ton 

2 

2 

Oats,  grain 

100  bu. 

66 

11 

16 

4 

2 

Oat  straw 

21/£  tons 

31 

5 

52 

7 

15 

Clover  seed 

4 bu. 

7 

2 

3 

1 

1 

Clover  hay 

4 tons 

160 

20 

120 

31 

117 

Total  in  grain  and  seed 

244* 

42 

51 

16 

4 

Total  in  four  crops.. 

5101 

77 

322 

68 

168 

1These  amounts  include  the  nitrogen  contained  in  the  clover  seed  or  hay,  which,  how- 
ever, may  be  secured  from  the  air. 


To  be  sure,  these  are  large  yields,  but  shall  we  try  to  make  possible  the 
production  of  yields  only  half  or  a quarter  as  large  as  these,  or  shall  we  set  as 
our  ideal  this  higher  mark,  and  then  approach  it  as  nearly  as  possible  with 
profit?  Among  the  four  crops,  corn  is  the  largest,  with  a total  yield  of  more 
than  six  tons  per  acre;  and  yet  the  100-bushel  crop  of  corn  is  often  produced 
on  rich  pieces  of  land  in  good  seasons.  In  very  practical  and  profitable  systems 
of  farming,  the  Illinois  Experiment  Station  has  produced,  as  an  average  of  the 
six  years  1905  to  1910,  a yield  of  87  bushels  of  corn  per  acre  in  grain  farming 
(with  limestone  and  phosphorus  applied,  and  with  crop  residues  and  legume 
crops  turned  under),  and  90  bushels  per  acre  in  live-stock  farming  (with  lime- 
stone, phosphorus,  and  manure). 

The  importance  of  maintaining  a rich  surface  soil  cannot  be  too  strongly 
emphasized.  This  is  well  illustrated  by  data  from  the  Rothamsted  Experiment 
Station,  the  oldest  in  the  world.  On  Broadbalk  field,  where  wheat  has  been 
grown  since  1844,  the  average  yields  for  the  ten  years  1892  to  1901  were  12.3 
bushels  per  acre  on  Plot  3 (unfertilized)  and  31.8  bushels  on  Plot  7 (well  ferti- 
lized), but  the  amounts  of  both  nitrogen  and  phosphorus  in  the  subsoil  (9  to  27 
inches)  were  distinctly  greater  in  Plot  3 than  in  Plot  7,  thus  showing  that  the 
higher  yields  from  Plot  7 were  due  to  the  fact  that  the  plowed  soil  had  been 
enriched.  In  1893  Plot  7 contained  per  acre  in  the  surface  soil  (0  to  9 inches) 
about  600  pounds  more  nitrogen  and  900  pounds  more  phosphorus  than  Plot  3. 
Even  a rich  subsoil  has  little  value  if  it  lies  beneath  a worn-out  surface. 

Methods  of  Liberating  Plant  Food 

Limestone  and  decaying  organic  matter  are  the  principal  materials  which 
the  farmer  can  utilize  most  profitably  to  bring  about  the  liberation  of  plant 
food.  The  limestone  corrects  the  acidity  of  the  soil  and  thus  encourages  the 
development  not  only  of  the  nitrogen-gathering  bacteria  which  live  in  the  nodules 
on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also  the  nitrifying 
bacteria,  which  have  power  to  transform  the  insoluble  and  unavailable  organic 
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nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the  same  time,  the 
products  of  this  decomposition  have  power  to  dissolve  the  minerals  contained 
in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve  the  insoluble 
phosphate  and  limestone  which  may  be  applied  in  low-priced  forms. 

Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant  food  by  permit- 
ting the  air  to  enter  the  soil  and  burn  out  the  organic  matter;  but  it  should 
never  be  forgotten  that  tillage  is  wholly  destructive,  that  it  adds  nothing  what- 
ever to  the  soil,  but  always  leaves  it  poorer.  Tillage  should  be  practiced  so 
far  as  is  necessary  to  prepare  a suitable  seed-bed  for  root  development  and 
also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unnecessary  and 
unprofitable  in  seasons  of  normal  rainfall ; and  it  is  much  better  actually  to 
enrich  the  soil  by  proper  applications  or  additions,  including  limestone  and 
organic  matter  (both  of  which  have  power  to  improve  the  physical  condition 
as  well  as  to  liberate  plant  food)  than  merely  to  hasten  soil  depletion  by  means 
of  excessive  cultivation. 


Permanent  Soil  Improvement 

The  best  and  most  profitable  methods  for  the  permanent  improvement  of 
the  common  soils  of  Illinois  are  as  follows: 

(1)  If  the  soil  is  acid,  apply  at  least  two  tons  per  acre  of  ground  lime- 
stone, preferably  at  times  magnesian  limestone  (CaC03MgC03),  which  con- 
tains both  calcium  and  magnesium  and  has  slightly  greater  power  to  correct 
soil  acidity,  ton  for  ton,  than  the  ordinary  calcium  limestone  (CaC03) ; and 
continue  to  apply  about  two  tons  per  acre  of  ground  limestone  every  four  or 
five  years.  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa,  five 
tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

(2)  Adopt  a good  rotation  of  crops,  including  a liberal  use  of  legumes,  and 
increase  the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops 
and  other  crop  residues  (straw  and-  corn  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  what  will  prove  to  be  the 
best  rotation  of  crops,  because  of  variation  in  farms  and  farmers,  and  in  prices 
for  produce,  but  the  following  are  suggested  to  serve  as  models  or  outlines: 

First  year,  corn. 

Second  year,  corn. 

Third  year,  wheat  or  oats  (with  clover  or  clover  and  grass). 

Fourth  year,  clover  or  clover  and  grass. 

Fifth  year,  wheat  and  clover  or  grass  and  clover. 

Sixth  year,  clover  or  clover  and  grass. 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
coarse  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  (only  the  clover  seed  being  sold  the  fourth  and  sixth  years)  ; 
or,  in  live-stock  farming,  the  field  may  be  used  three  years  for  timothy  and 
clover  pasture  and  meadow  if  desired.  The  system  may  be  reduced  to  a five- 
year  rotation  by  cutting  out  either  the  second  or  the  sixth  year,  and  to  a four- 
year  system  by  omitting  the  fifth  and  sixth  years. 
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With  two  years  of  corn,  followed  by  oats  with  clover-seeding  the  third  year, 
and  by  clover  the  fourth  year,  all  produce  can  be  used  for  feed  and  bedding  if 
other  land  is  available  for  permanent  pasture.  Alfalfa  may  be  grown  on  a fifth 
field  for  four  or  eight  years,  which  is  to  be  alternated  with  one  of  the  four ; or 
the  alfalfa'  may  be  moved  every  five  years,  and  thus  rotated  over  all  five  fields 
every  twenty-five  years. 

Other  four-year  rotations  more  suitable  for  grain  farming  are : 

Wheat  (and  clover),  corn,  oats,  and  clover;  or  corn  (and  clover),  cowpeas,  wheat,  and 
clover.  (Alfalfa  may  be  grown  on  a fifth  field  and  rotated  every  five  years,  the 
hay  being  sold.) 

Good  three-year  rotations  are: 

Corn,  oats,  and  clover;  corn,  wTheat,  and  clover;  or  wheat  (and  clover),  corn  (and 
clover),  and  cowpeas,  in  which  two  cover  crops  and  one  regular  crop  of  legumes 
are  grown  in  three  years. 

A five-year  rotation  of  (1)  corn  (and  clover),  (2)  cowpeas,  (3)  wheat, 
(4)  clover,  and  (5)  wheat  (and  clover)  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

To  avoid  clover  sickness  it  may  sometimes  be  necessary  to  substitute  sweet 
clover  or  alsike  for  red  clover  in  about  every  third  rotation,  and  at  the  same 
time  to  discontinue  its  use  in  the  cover-crop  mixture.  If  the  corn  crop  is  not 
too  rank,  cowpeas  or  soybeans  may  also  be  used  as  a cover  crop  (seeded  at  the 
last  cultivation)  in  the  southern  part  of  the  state,  and,  if  necessary  to  avoid 
disease,  these  may  well  alternate  in  successive  rotations. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1 bushel  of  oats  (grain  and  straw)  requires  1 pound  of  nitrogen. 

1 bushel  of  corn  (grain  and  stalks)  requires  1%  pounds  of  nitrogen. 

1 bushel  of  wheat  (grain  and  straw)  requires  2 pounds  of  nitrogen. 

1 ton  of  timothy  requires  24  pounds  of  nitrogen. 

1 ton  of  clover  contains  40  pounds  of  nitrogen. 

1 ton  of  cowpeas  contains  43  pounds  of  nitrogen.  k 

1 ton  of  average  manure  contains  10  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops. 

Soils  of  moderate  productive  power  will  furnish  as  much  nitrogen  to  clover 
(and  two  or  three  times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and 
stubble.  In  grain  crops,  such  as  wheat,  corn,  and  oats,  about  two-thirds  of  the 
nitrogen  is  contained  in  the  grain  and  one-third  in  the  straw  or  stalks.  (See 
also  discussion  of  "The  Potassium  Problem,”  on  pages  following.) 

(3)  On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to 
serious  erosion  by  surface  washing  or  gullying)  apply  that  element  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops 
desired  to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
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improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per 
acre,  which  may  require  a total  application  of  from  three  to  five  or  six  tons  per 
acre  of  raw  phosphate  containing  12i/2  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  phosphorus  delivered  in  Illinois  costs 
about  3 cents  a pound  in  raw  phosphate  (direct  from  the  mine  in  carload  lots), 
but  10  cents  a pound  in  steamed  bone  meal,  and  about  12  cents  a pound  in  acid 
phosphate,  both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase 
by  farmers  in  carload  lots,  which  is  not  the  case  with  limestone  or  raw  phos- 
phate. 

Phosphorus  once  applied  to  the  soil  remains  in  it  until  removed  in  crops, 
unless  carried  away  mechanically  by  soil  erosion.  (The  loss  by  leaching  is  only 
about  1%  pounds  per  acre  per  annum,  so  that  more  than  150  years  would  be 
required  to  leach  away  the  phosphorus  applied  in  one  ton  of  raw  phosphate.) 

The  phosphate  and  limestone  may  be  applied  at  any  time  during  the  rota- 
tion, but  a good  method  is  to  apply  the  limestone  after  plowing  and  work  it  into 
the  surface  soil  in  preparing  tfie  seed  bed  for  wheat,  oats,  rye,  or  barley,  where 
clover  is  to  be  seeded ; while  phosphate  is  best  plowed  under  with  farm  manure, 
clover,  or  other  green  manures,  which  serve  to  liberate  the  phosphorus. 

(4)  Until  the  supply  of  decaying  organic  matter  has  been  made  adequate, 
on  the  poorer  types  of  upland  timber  and  gray  prairie  soils  some  temporary 
benefit  may  be  derived  from  the  use  of  a soluble  salt  or  a mixture  of  salts,  such 
as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble  form  and 
also  some  common  salt  (sodium  chlorid).  About  600  pounds  per  acre  of  kainit 
applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve  the  phos- 
phorus as  well  as  to  furnish  available  potassium  and  magnesium,  and  for  a few 
years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic  matter, 
but  the  evidence  thus  far  secured  indicates  that  its  use  is  not  absolutely  necessary 
and  that  it  will  not  be  profitable  after  adequate  provision  is  made  for  supplying 
decaying  organic  matter,  since  this  will  necessitate  returning  to  the  soil  the 
potassium  contained  in  the  crop  residues  from  grain  farming  or  the  manure 
produced  in  live-stock  farming,  and  will  also  provide  for  the  liberating  of  potas- 
sium from  the  soil.  ("Where  hay  or  straw  is  sold,  manure  should  be  bought.) 

On  soils  which  are  subject  to  surface  washing,  including  especially  the 
yellow  silt  loam  of  the  upland  timber  area,  and  to  some  extent  the  yellow-gray 
silt  loam  and  other  more  rolling  areas,  the  supply  of  minerals  in  the  subsurface 
and  subsoil  (which  gradually  renew  the  surface  soil)  tends  to  provide  for  a 
low-grade  system  of  permanent  agriculture  if  some  use  is  made  of  legume  plants, 
as  in  long  rotations  with  much  pasture,  because  both  the  minerals  and  nitrogen 
are  thus  provided  in  some  amount  almost  permanently;  but  where  such  lands 
are  farmed  under  such  a system,  not  more  than  two  or  three  grain  crops  should 
be  grown  during  a period  of  ten  or  twelve  years,  the  land  being  kept  in  pasture 
most  of  the  time;  and  where  the  soil  is  acid  a liberal  use  of  limestone,  as  top- 
dressings  if  necessary,  and  occasional  reseeding  with  clovers  will  benefit  both  the 
pasture  and  indirectly  the  grain  crops. 
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Advantage  of  Crop  Rotation  and  Permanent  Systems 

It  should  be  noted  that  clover  is  not  likely  to  be  well  infected  with  the 
clover  bacteria  during-  the  first  rotation  on  a given  farm  or  field  where  it  has 
not  been  grown  before  within  recent  years;  but  even  a partial  stand  of  clover 
the  first  time  will  probably  provide  a thousand  times  as  many  bacteria  for  the 
next  clover  crop  as  one  could  afford  to  apply  in  artificial  inoculation,  for  a single 
root-tubercle  may  contain  a million  bacteria  developed  from  one  during  the  sea- 
son’s growth. 

This  is  only  one  of  several  advantages  of  the  second  course  of  the  rotation 
over  the  first  course.  Thus  the  mere  practice  of  crop  rotation  is  an  advantage, 
especially  in  helping  to  rid  the  land  of  insects  and  foul  grass  and  weeds.  The 
clover  crop  is  an  advantage  to  subsequent  crops  because  of  its  deep-rooting  char- 
acteristic. The  larger  applications  of  organic  manures  (made  possible  by  the 
larger  crops)  are  a great  advantage ; and  in  systems  of  permanent  soil  improve- 
ment, such  as  are  here  advised  and  illustrated,  more  limestone  and  more  phos- 
phorus are  provided  than  are  needed  for  the  meager  or  moderate  crops  pro- 
duced during  the  first  rotation,  and  consequently  the  crops  in  the  second  rota- 
tion have  the  advantage  of  such  accumulated  residues  (well  incorporated  with 
the  plowed  soil)  in  addition  to  the  regular  applications  made  during  the  second 
rotation. 

This  means  that  these  systems  tend  positively  toward  the  making  of  richer 
lands.  The  ultimate  analyses  recorded  in  the  tables  give  the  absolute  invoice 
of  these  Illinois  soils.  They  show  that  most  of  them  are  positively  deficient  only 
in  limestone,  phosphorus,  and  nitrogenous  organic  matter ; and  the  accumulated 
information  from  careful  and  long-continued  investigations  in  different  parts  of 
the  United  States  clearly  establishes  the  fact  that  in  general  farming  these  essen- 
tials can  be  supplied  with  greatest  economy  and  profit  by  the  use  of  ground  nat- 
ural limestone,  very  finely  ground  natural  rock  phosphate,  and  legume  crops  to 
be  plowed  under  directly  or  in  farm  manure.  On  normal  soils  no  other  applica- 
tions are  absolutely  necessary,  but,  as  already  explained,  the  addition  of  some 
soluble  salt  in  the  beginning  of  a system  of  improvement  on  some  of  these  soils 
produces  temporary  benefit,  and  if  some  inexpensive  salt,  such  as  kainit,  is  used, 
it  may  produce  sufficient  increase  to  more  than  pay  the  added  cost. 

The  Potassium  Problem 

As  reported  in  Illinois  Bulletin  123,  where  wheat  has  been  grown  every  year 
for  more  than  half  a century  at  Rothamsted,  England,  exactly  the  same  increase 
was  produced  (5.6  bushels  per  acre),  as  an  average  of  the  first  24  years,  whether 
potassium,  magnesium,  or  sodium  was  applied,  the  rate  of  application  per  annum 
being  200  pounds  of  potassium  sulfate  and  molecular  equivalents  of  magnesium 
sulfate  and  sodium  sulfate.  As  an  average  of  60  years  (1852  to  1911),  the  yield 
of  wheat  was  12.7  bushels  on  untreated  land  and  23.3  bushels  where  86  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  per  acre  per  annum  were  applied. 
As  further  additions,  85  pounds  of  potassium  raised  the  yield  to  31.3  bushels; 
52  pounds  of  magnesium  raised  it  to  29.2  bushels ; and  50  pounds  of  sodium  raised 
it  to  29.5  bushels.  Where  potassium  was  applied,  the  wheat  crop  removed  an- 
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nually  an  average  of  40  pounds  of  that  element  in  the  grain  and  straw,  or  three 
times  as  much  as  would  be  removed  in  the  grain  only  for  such  crops  as  are 
suggested  in  Table  A.  The  Rothamsted  soil  contained  an  abundance  of  lime- 
stone, but  no  organic  matter  was  provided  except  the  little  in  the  stubble  and 
roots  of  the  wheat  plants. 

On  another  field  at  Rothamsted  the  average  yield  of  barley  for  60  years 
(1852  to  1911)  was  14.2  bushels  on  untreated  land,  38.1  bushels  where  43  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  were  applied  per  acre  per  annum; 
while  the  further  addition  of  85  pounds  of  potassium,  19  pounds  of  magnesium, 
and  14  pounds  of  sodium  (all  in  sulfates)  raised  the  average  yield  to  41.5 
bushels.  Where  only  70  pounds  of  sodium  were  applied  in  addition  to  the 
nitrogen  and  phosphorus,  the  average  was  43.0  bushels.  Thus,  as  an  average 
of  60  years,  the  use  of  sodium  produced  1.8  bushels  less  wheat  and  1.5  bushels 
more  barley  than  the  use  of  potassium,  with  both  grain  and  straw  removed  and 
no  organic  manures  returned. 

In  recent  years  the  effect  of  potassium  is  becoming  much  more  marked  than, 
that  of  sodium  or  magnesium,  on  the  wheat  crop ; but  this  must  be  expected  to 
occur  in  time  where  no  potassium  is  returned  in  straw  or  manure,  and  no  pro- 
vision made  for  liberating  potassium  from  the  supply  still  remaining  in  the  soil. 
If  the  wheat  straw,  which  contains  more  than  three-fourths  of  the  potassium 
removed  in  the  wheat  crop  (see  Table  A),  were  returned  to  the  soil,  the  neces- 
sity of  purchasing  potassium  in  a good  system  of  farming  on  such  land  would 
be  at  least  very  remote,  for  the  supply  would  be  adequately  maintained  by 
the  actual  amount  returned  in  the  straw,  together  with  the  additional  amount 
which  would  be  liberated  from  the  soil  by  the  action  of  decomposition  products. 

While  about  half  the  potassium,  nitrogen,  and  organic  matter,  and  about 
one-fourth  the  phosphorus  contained  in  manure  is  lost  by  three  or  four  months 9 
exposure  in  the  ordinary  pile  in  the  barn  yard,  there  is  practically  no  loss 
if  plenty  of  absorbent  bedding  is  used  on  cement  floors,  and  if  the  manure  is 
hauled  to  the  field  and  spread  within  a day  or  two  after  it  is  produced.  Again, 
while  in  average  live-stock  farming  the  animals  destroy  two-thirds  of  the  or- 
ganic matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from  the 
food  they  consume,  they  retain  less  than  one-tenth  of  the  potassium ; so  that  the 
actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either  in  grain 
farming  or  in  live-stock  farming,  is  wholly  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  removal  of  one  inch  of  soil  per  century  by  surface  washing  (which  is 
likely  to  occur  wherever  there  is  satisfactory  surface  drainage  and  frequent  cul- 
tivation) will  permanently  maintain  the  potassium  in  grain  farming  by  re- 
newal from  the  subsoil,  provided  one-third  of  the  potassium  is  removed  by  crop- 
ping before  the  soil  is  carried  away. 

From  all  these  facts  it  will  be  seen  that  the  potassium  problem  is  not  one 
of  addition  but  of  liberation;  and  the  Rothamsted  records  show  that  for  many 
years  other  soluble  salts  have  practically  the  same  power  as  potassium  to  increase 
crop  yields  in  the  absence  of  sufficient  decaying  organic  matter.  Whether  this 
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action  relates  to  supplying  or  liberating  potassium  for  its  own  sake,  or  to  the 
power  of  the  soluble  salt  to  increase  the  availability  of  phosphorus  or  other  ele- 
ments, is  not  known,  but  where  much  potassium  is  removed,  as  in  the  entire  crops 
at  Rothamsted,  with  no  return  of  organic  residues,  probably  the  soluble  salt 
functions  in  both  ways. 

As  an  average  of  112  separate  tests  conducted  in  1907,  1908,  1909,  and  1910 
on  the  Fairfield  experiment  field,  an  application  of  200  pounds  of  potassium 
sulfate,  containing  85  pounds  of  potassium  and  costing  $5.10,  increased  the  yield 
of  corn  by  9.3  bushels  per  acre;  while  600  pounds  of  kainit,  containing  only  60 
pounds  of  potassium  and  costing  $4,  gave  an  increase  of  10.7  bushels.  Thus,  at 
40  cents  a bushel  for  corn,  the  kainit  paid  for  itself ; but  these  results,  like  those 
at  Rothamsted,  were  secured  where  no  adequate  provision  had  been  made  for 
decaying  organic  matter. 

Additional  experiments  at  Fairfield  included  an  equally  complete  test  with 
potassium  sulfate  and  kainit  on  land  to  which  8 tons  per  acre  of  farm  manure 
were  applied.  As  an  average  of  112  tests  with  each  material,  the  200  pounds 
of  potassium  sulfate  increased  the  yield  of  corn  by  1.7  bushels,  while  the  600 
pounds  of  kainit  also  gave  an  increase  of  1.7  bushels.  Thus,  where  organic 
manure  was  supplied,  very  little  effect  was  produced  by  the  addition  of  either 
potassium  sulfate  or  kainit;  in  part  perhaps  because  the  potassium  removed  in 
the  crops  is  mostly  returned  in  the  manure  if  properly  cared  for,  and  perhaps 
in  larger  part  because  the  decaying  organic  matter  helps  to  liberate  and  hold 
in  solution  other  plant-food  elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  by  chemical  analysis  that  potassium  salts  and  most  other  soluble  salts 
increase  the  solubility  of  the  phosphorus  in  soil  and  in  rock  phosphate;  also 
that  the  addition  of  glucose  with  rock  phosphate  in  pot-culture  experiments 
increases  the  availability  of  the  phosphorus,  as  measured  by  plant  growth,  altho 
the  glucose  consists  only  of  carbon,  hydrogen,  and  oxygen,  and  thus  contains 
no  plant  food  of  value. 

If  we  remember  that,  as  an  average,  live  stock  destroy  two-thirds  of  the  or- 
ganic matter  of  the  food  they  consume,  it  it  easy  to  determine  from  Table  A that 
more  organic  matter  will  be  supplied  in  a proper  grain  system  than  in  a strictly 
live-stock  system ; and  the  evidence  thus  far  secured  from  older  experiments  at 
the  University  and  at  other  places  in  the  state  indicates  that  if  the  corn  stalks, 
straw,  clover,  etc.,  are  incorporated  with  the  soil  as  soon  as  practicable  after  they 
are  produced  (which  can  usually  be  done  in  the  late  fall  or  early  spring),  there 
is  little  or  no  difficulty  in  securing  sufficient  decomposition  in  our  humid  climate 
to  avoid  serious  interference  with  the  capillary  movement  of  the  soil  moisture, 
a common  danger  from  plowing  under  too  much  coarse  manure  of  any  kind  in 
the  late  spring  of  a dry  year. 

If,  however,  the  entire  produce  of  the  land  is  sold  from  the  farm,  as  in  hay 
farming  or  when  both  grain  and  straw  are  sold,  of  course  the  draft  on  potas- 
sium will  then  be  so  great  that  in  time  it  must  be  renewed  by  some  sort  of  appli- 
cation. As  a rule,  farmers  following  this  practice  ought  to  secure  manure  from 
town,  since  they  furnish  the  bulk  of  the  material  out  of  which  manure  is  pro- 
duced. 
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Calcium  and  Magnesium 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching.  As  an  average  of  90 
analyses1  of  Illinois  well-waters  drawn  chiefly  from  glacial  sands,  gravels,  or  till, 
3 million  pounds  of  water  (about  the  average  annual  drainage  per  acre  for 
Illinois)  contained  11  pounds  of  potassium,  130  of  magnesium,  and  330  of  cal- 
cium. These  figures  are  very  significant,  and  it  may  be  stated  that  if  the  plowed 
soil  is  well  supplied  with  the  carbonates  of  magnesium  and  calcium,  then  a very 
considerable  proportion  of  these  amounts  will  be  leached  from  that  stratum. 
Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at  Rothamsted,  England, 
where  the  soil  contains  plenty  of  limestone,  has  averaged  more  than  300  pounds 
a year  as  determined  by  analyzing  the  soil  in  1865  and  again  in  1905.  Prac- 
tically the  same  amount  of  calcium  was  found,  by  analyses,  in  the  Rothamsted 
drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaC03),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  are  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  were 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years 
amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investigations 
seem  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed  at 
least  2 tons  per  acre  should  be  applied  every  4 or  5 years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  four  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an 
acre.  (See  Soil  Report  No.  1.)  Thus  limestone  has  a positive  value  on  some 
soils  for  the  plant  food  which  it  supplies,  in  addition  to  its  value  in  correcting 
soil  acidity  and  in  improving  the  physical  condition  of  the  soil.  Ordinary  lime- 
stone (abundant  in  the  southern  and  western  parts  of  the  state)  contains  nearly 
800  pounds  of  calcium  per  ton;  while  a good  grade  of  dolomitic  limestone  (the 
more  common  limestone  of  northern  Illinois)  contains  about  400  pounds  of  cal- 
cium and  300  pounds  of  magnesium  per  ton.  Both  of  these  elements  are  fur- 
nished in  readily  available  form  in  ground  dolomitic  limestone. 


Reported  by  Doctor  Bartow  and  associates,  of  the  Illinois  State  Water  Survey. 
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Data  from  Eight  Years’  Actual  Field  Experiments 
As  Applied  to  an  Average  80- Acre  Farm  in  Southern  Illinois 


Crop  Rotation:  Corn,  Cowpeas  (or  Soybeans),  Wheat,  and  Clover 


Fields  of 

Where  manure 

With  manure, 

Value 

Cost  of  lime- 

20 acres 

alone  is 

limestone,  and 

of 

stone  and 

in  size 

used 

rock  phosphate 

increase 

phosphate 

Value  of  Crops  First  Four  Years 


Field  No.  1 

$492.60 

360.40 

632.40 

547.40 

$854.80 

455.40 
852.20 

867.40  % 

$362.20 

95.00 

219.80 

320.00 

$200 

200 

200 

200 

Field  No.  2 

Field  No.  3 

Field  No.  4 

Total  for  four  years . . 

$2032  80 

$3029.80 

$997.00 

$800 

Value  of  Crops  Second  Four  Years 


Field  No.  1 

$596.80 

$1251.40 

$654.60 

$200 

Field  No.  2 

549.20 

1046.80 

497.60 

200 

Field  No.  3 

508.20 

1228.40 

720.20 

200 

Field  No.  4 

707.00 

1149.40 

442.40 

200 

Total  for  four  years. . 

$2361.20 

$4676.00 

$2314.80 

$800 

The  fact  that  this  system  of  soil  improvement  is  profitable  is  very  important, 
but  of  even  greater  importance  is  the  fact  that  the  system  is  permanent.  It 
provides  for  positive  soil  enrichment  in  all  essentials  naturally  deficient.  In 
these  eight  years’  experiments  the  soil  has  been  changed  from  an  acid  to  a “lime- 
stone soil,”  and  the  phosphorus  content  of  the  plowed  soil  has  been  increased 
from  750  to  1200  pounds  per  acre,  an  amount  equal  to  that  of  the  $200  corn- 
belt  land.  (For  complete  details  of  these  investigations  see  Tables  5,  6,  7,  and  8.) 
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INTRODUCTORY  NOTE 

About  two-thirds  of  Illinois  lies  in  the  corn  belt,  where  most  of  the  prairie 
lands  are  black  or  dark  brown  in  color.  In  the  southern  third  of  the  state,  the 
prairie  soils  are  largely  of  a gray  color.  This  region  is  better  known  as  the 
wheat  belt,  altho  wheat  is  often  grown  in  the  corn  belt  and  corn  is  also  a com- 
mon crop  in  the  wheat  belt. 

Moultrie  county,  representing  the  corn  belt;  Clay  county,  which  is  fairly 
representative  of  the  wheat  belt;  and  Hardin  county,  which  is  taken  to  repre- 
sent the  unglaciated  area  of  the  extreme  southern  part  of  the  state,  were  se- 
lected for  the  first  Illinois  Soil  Reports  by  counties.  While  these  three  county 
soil  reports  were  sent  to  the  Station’s  entire  mailing  list  within  the  state,  sub- 
sequent reports  are  sent  only  to  those  on  the  mailing  list  who  are  residents  of  the 
county  concerned,  and  to  any  one  else  upon  request. 

Each  county  report  is  intended  to  be  as  nearly  complete  in  itself  as  it 
is  practicable  to  make  it,  and,  even  at  the  expense  of  some  repetition,  each 
will  contain  a general  discussion  of  important  fundamental  principles  in  order 
to  help  the  farmer  and  landowner  understand  the  meaning  of  the  soil  fer- 
tility invoice  for  the  lands  in  which  he  is  interested.  In  Soil  Report  No.  1, 
“Clay  County  Soils,”  this  discussion  serves  in  part  as  an  introduction,  while 
in  this  and  other  reports,  it  will  be  found  in  the  Appendix ; but  if  necessary  it 
should  be  read  and  studied  in  advance  of  the  report  proper. 


LAKE  COUNTY  SOILS 

By  CYRIL  G.  HOPKINS,  J.  G.  MOSIER,  E.  VAN  ALSTINE,  and  F.  W.  GARRETT 


Lake  county  is  located  in  the  northeast  corner  of  Illinois  in  the  late  Wis- 
consin glaciation,  and  is  covered  with  a deposit  of  material  made  by  the  Lake 
Michigan  glacier  during  its  two  stages.  The  topography  of  the  county,  tho  quite 
rolling  in  many  parts,  is  due  almost  entirely  to  the  very  irregular  deposition  of 
material  by  this  glacier.  Two  distinct  morainal  areas  occur.  The  one  known  as 
the  Lake  Border  morainic  system  occupies  the  eastern  part  of  the  county  and 
extends  southward  in  the  form  of  two  low  ridges,  one  near  the  lake  and  an- 
other just  east  of  the  Des  Plaines  river;  the  other,  the  Valparaiso  morainic  sys- 
tem, occupies  the  western  part  of  the  county.  The  latter  reaches  an  altitude 
of  about  300  feet  above  Lake  Michigan.  These  morainic  areas  are  marked  by 
large  numbers  of  kettle-holes,  or  basin-like  depressions,  that  in  the  most  rolling 
parts  sometimes  have  a depth  of  75  feet.  Numerous  lakes  are  found  in  the 
Valparaiso  morainic  system. 

The  drift  deposited  by  the  Lake  Michigan  glacier  over  the  county  has  a 
minimum  depth  of  probably  150  feet,  while  the  thicker  deposits  are  between  300 
and  400  feet.  Leverett,  in  Monograph  38  of  the  United  States  Geological  Sur- 
vey, states  that  the  deposit  of  drift  averages  more  than  200  feet  in  thickness  over 
the  county.  Borings  indicate  the  presence  of  still  older  glacial  drift  beneath 
that  of  the  late  Wisconsin. 


Physiography 

Lake  county  is  divided  into  two  distinct  drainage  systems — one  sloping 
into  Lake  Michigan  and  comprizing  probably  not  more  than  one-fifteenth  of  the 
total  area  of  the  county,  and  a second,  drained  by  the  Des  Plaines  and  the  Fox 
rivers,  into  the  Illinois.  The  large  number  of  lakes  and  swamps  in  this  county 
indicate  very  late  drainage  systems,  so  late  that  practically  all  of  the  lowland 
is  occupied  either  by  lakes  or  by  swamps.  The  streams  have  not  had  time  to  form 
valleys  sufficiently  deep  for  draining  these  low  areas.  There  are  about  fifty  lakes 
in  the  county  large  enough  to  be  shown  on  the  soil  map,  many  of  which  are  sur- 
rounded, or  nearly  so,  by  swamps  containing  deposits  of  peat. 

The  altitudes  of  some  places  in  the  county  above  sea  level  are  as  follows: 
Antioch,  770  feet;  Aptakisic,  682;  Diamond  Lake,  760;  Fox  Lake,  745;  Gilmer, 
810 ; Gray’s  Lake,  799 ; Gurnee,  677 ; Highland  Park,  691 ; Lake  Bluff,  683 ; Lake 
Villa,  796 ; Lake  Zurich,  873 ; Leithton,  723 ; Libertyville,  670 ; Loon  Lake,  783 ; 
Prairie  View,  694;  Rodont,  676;  Russell,  677 ; Volo,  890;  Wadsworth,  673;  War- 
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renton,  710;  Waukegan  (C.  & N.  W.),  596.  A bench  mark  on  the  east  entrance 
of  the  courthouse  at  Waukegan  is  668.4  feet.  The  mean  altitude  of  the  water 
of  Lake  Michigan  is  581  feet  above  sea  level. 


Soil  Material  and  Soil  Types 

The  Lake  Michigan  glacier  left  a deposit  of  boulder  clay  (a  mixture  of 
boulders,  gravel,  sand,  silt,  and  clay),  which  has  been  transformed  into  soil  in 
some  places ; but  the  larger  part  of  the  county  subsequently  received  a shallow 
deposit  of  12  to  40  inches  of  loessial  material  formed  from  the  fine  rock  flour 
produced  by  the  grinding  action  of  the  glacier.  This  has  been  reworked  by  the 
wind  and  water  and  now  covers  the  level  and  less  rolling  areas  to  an  average 
depth  of  16  to  20  inches.  Beneath  this  is  often  found  a stratum  a few  inches 
in  thickness  which  contains  a great  many  gravel,  indicating  the  washing  out  of 
the  fine  material  before  the  loess  was  deposited.  From  Waukegan  to  the  state 
line  a deposit  has  been  formed  by  Lake  Chicago  which  consists  of  a series  of 
sand  ridges  only  a few  rods  apart  that  have  very  little  agricultural  use.  Be- 
tween these  ridges  peat  deposits  are  frequently  found. 


Table  1. — Soil  Types  of  Lake  County 


Soil 

type 

No. 

Name  of  type 

Area  in 
square 
miles 

Area 

in 

acres 

Percent 
of  total 
area 

1026  l 
1226  \ 
1060  | 
1260  f 

(a)  Upland  Prairie  Soils  (page  23) 

Brown  silt  loam  

Brown  sandy  loam  

137.50 

2.88 

88  001 
1 844 

28.48 

.60 

1034  ) 

1234  \ 

1035  j 

1235  \ 
1064 
1064.4 
1081  } 
1281  f 

1090  j 
1290  S 

(b)  Upland  Timber  Soils  (page  25) 

Yellow-gray  silt  loam  

Yellow  silt  loam  

Yellow-gray  sandy  loam 

Yellow-gray  sandy  loam  on  gravel 

Done  sand  

Gravelly  loam  

196.01 

38.50 

.76 

1.48 

1.47 

.96 

125  447 

24  639 
488 
944 

938 

611 

40.59 

7.98 

.16 

.30 

.30 

.20 

(c)  Terrace  Soils  (page  30) 

1527 

Brown  silt  loam  over  gravel 

1.85 

1 184 

.38 

1564.4 

Yellow-gray  sandy  loam  on  gravel 

2.25 

1 440 

.47 

1560.4 

Brown  sandy  loam  on  gravel 

2.40 

1 539 

.50 

1590.4 

Gravelly  loam  on  gravel  

.28 

179 

.06 

(d)  Swamp  and  Bottom-Land  Soils  (page  32) 

1401 

Deep  peat  

38.10 

24  382 

7.89 

1402 

Medium  peat  on  clay 

1.00 

640 

.21 

1402.2 

Medium  peat  on  sand 

.44 

284 

.09 

1403 

Shallow  peat  on  clay 

.58 

371 

.12 

1410 

Peaty  loam  

2.35 

1 504 

.49 

1450 

Black  mixed  loam 

19.72 

12  622 

4.09 

1454 

Mixed  loam  (bottom  land) 

8.51 

5 446 

1.76 

1482 

Beach  sand  (mixed  sand  and  peat) 

7.79 

4 988 

1.61 

(e)  Miscellaneous  (page  38) 

Lakes  

17.99 

11  512 

3.72 

Total  

482.82 

309  003 

100.00 

1915] 
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The  soils  of  Lake  county  are  divided  into  the  following  classes : 

(1)  Upland  prairie  soils,  usually  rich  in  organic  matter.  These  were  cov- 
ered originally  with  prairie  grasses,  the  partially  decayed  roots  of  which  have 
been  the  source  of  the  organic  matter.  The  flat,  poorly  drained  areas  contain 
the  highest  amounts  of  organic  matter,  owing  to  the  more  luxuriant  growth  of 
grasses  there  and  the  better  chance  for  their  preservation  by  the  excessive  mois- 
ture in  the  soil. 

(2)  Upland  timber  soils,  including  nearly  all  upland  areas  that  were  for- 
merly covered  with  forests.  These  soils  contain  much  less  organic  matter  than 
the  soils  of  the  prairies  because  the  large  roots  of  dead  trees  and  the  surface 
accumulations  of  leaves,  twigs,  and  fallen  trees  were  burned  by  forest  fires,  or 
suffered  almost  complete  decay,  instead  of  being  incorporated  with  the  soil. 

(3)  Terrace  soils,  which  include  bench  lands,  or  second  bottom  lands,  that 
were  formed  at  the  time  of  the  melting  of  the  glacier,  when  the  valleys  were 
flooded  and  the  streams  overloaded  with  coarse  sediment.  Deposits  of  gravel 
were  formed  which  later  have  been  cut  thru  in  part  by  the  streams  during  their 
ordinary  stages.  These  benches  form  soil  types  that  are  usually  underlain  by 
gravel  or  sand. 

(4)  Swamp  and  bottom-land  soils,  which  include  the  overflow  lands  or 
flood  plains  along  the  streams,  the  swamps  around  some  of  the  lakes,  the  poorly 
drained  lowlands,  and  the  area  of  sand  beaches  deposited  by  Lake  Chicago. 

Table  1 shows  the  area  of  each  type  of  soil  in  Lake  county  in  square  miles 
and  in  acres,  and  its  percentage  of  the  total  area.  It  will  be  noted  that  the  yellow- 
gray  silt  loam,  or  undulating  timber  land,  occupies  the  larger  part  of  the  county. 
The  accompanying  map  shows  the  location  and  boundary  lines  of  every  type 
of  soil  in  the  county,  even  down  to  areas  of  a few  acres. 

THE  INVOICE  AND  INCREASE  OF  FERTILITY  IN  LAKE 

COUNTY  SOILS 

Soil  Analysis 

In  order  to  avoid  confusion  in  applying  in  a practical  way  the  technical 
information  contained  in  this  report,  the  results  are  given  in  the  most  simplified 
form.  The  composition  reported  for  a given  soil  type  is,  as  a rule,  the  average 
of  many  analyses,  which,  like  most  things  in  nature,  show  more  or  less  variation ; 
but  for  all  practical  purposes  the  average  is  most  trustworthy  and  sufficient. 
(See  Bulletin  123,  which  reports  the  general  soil  survey  of  the  state,  together 
with  many  hundred  individual  analyses  of  soil  samples  representing  twenty-five 
of  the  most  important  and  most  extensive  soil  types  in  the  state.) 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but,  as  explained  in  the  Appendix, 
the  rate  of  liberation  is  governed  by  many  factors.  Also,  as  there  stated,  prob- 
ably no  agricultural  fact  is  more  generally  known  by  farmers  and  landowners 
than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at  the 
same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same  kind 
of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by  the 
same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as  the 
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poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the  fact 
should  be  repeated  and  emphasized  that  the  productive  power  of  normal  soil 
in  humid  sections  depends  upon  the  stock  of  plant  food  contained  in  the  soil 
and  upon  the  rate  at  which  it  is  liberated. 

The  fact  may  be  re*peated,  too,  that  crops  are  not  made  out  of  nothing. 
They  are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which 
is  absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  plants,  only  one  (hydrogen)  from  water,  while  seven  are 
secured  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes)  in  case  the  amount  liberated  from  the  soil  is  insufficient.  But  even 
the  leguminous  plants  (which  include  the  clovers,  peas,  beans,  alfalfa,  and 
vetches),  in  common  with  other  agricultural  plants,  secure  from  the  soil  alone 
six  elements  (phosphorus,  potassium,  magnesium,  calcium,  iron,  and  sulfur)  and 
also  utilize  the  soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during 
their  period  of  growth. 

Table  A in  the  Appendix  shows  the  requirements  of  large  crops  for  the  five 
most  important  plant-food  elements  which  the  soil  must  furnish.  (Iron  and 
sulfur  are  supplied  normally  from  natural  sources  in  sufficient  abundance,  com- 
pared with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit 
the  yield  of  common  farm  crops.) 

In  Table  2 are  reported  the  amounts  of  organic  carbon  (the  best  measure  of 
the  organic  matter)  and  the  total  amounts  of  the  five  important  elements  of  plant 
food  contained  in  2 million  pounds  of  the  surface  soil  of  each  type, — the  plowed 
soil  of  an  acre  about  6%  inches  deep.  In  addition,  the  table  shows  the  amount 
of  limestone  present,  if  any,  or  the  soil  acidity  as  measured  by  the  amount  of 
limestone  required  to  neutralize  the  acidity  existing  in  the  soil. 

The  soil  to  the  depth  indicated  includes  at  least  as  much  as  is  ordinarily 
turned  with  the  plow,  and  represents  that  part  with  which  the  farm  manure, 
limestone,  phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incor- 
porated. It  is  the  soil  stratum  that  must  be  depended  upon  in  large  part  to 
furnish  the  necessary  plant  food  for  the  production  of  crops,  as  will  be  seen  from 
the  information  given  in  the  Appendix.  Even  a rich  subsoil  has  little  or  no 
value  if  it  lies  beneath  a worn-out  surface,  for  the  weak,  shallow-rooted  plants 
will  be  unable  to  reach  the  supply  of  plant  food  in  the  subsoil.  If,  however, 
the  fertility  of  the  surface  soil  is  maintained  at  a high  point,  then  the  plants, 
with  a vigorous  start  from  the  rich  surface  soil,  can  draw  upon  the  subsurface 
and  subsoil  for  a greater  supply  of  plant  food. 

By  easy  computation  it  will  be  found  that  the  most  common  prairie  soil  of 
Lake  county  does  not  contain  more  than  enough  total  nitrogen  in  the  plowed 
soil  for  the  production  of  maximum  crops  for  fifteen  rotations  (60  years),  while 
the  still  more  extensive  upland  timber  soil  (yellow-gray  silt  loam)  contains  only 
about  one-third  as  much  nitrogen  as  the  prairie  land,  or  sufficient  for  only 
eighteen  100-bushel  crops  of  corn,  grain,  and  stalks. 

With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  half  the 
soil  area  of  the  county  containing  no  more  of  that  element  than  would  be  re- 
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auired  for  ten  crop  rotations  if  such  yields  were  secured  as  arc  suggested  in 
Table  A of  the  Appendix.  It  will  be  seen  from  the  same  table  that  in  the  case 
of  the  cereals  about  three-fourths  of  the  phosphorus  taken  from  the  soil  is  de- 
posited in  the  grain,  while  only  one-fourth  remains  in  the  straw  or  stalks. 

On  the  other  hand,  the  potassium  in  the  most  common  soil  type  is  sufficient 
for  36  centuries  if  only  the  grain  is  sold,  or  for  580  years  even  if  the  total  crops 
should  be  removed  and  nothing  returned.  The  corresponding  figures  are  about 
2,300  and  540  years  for  magnesium,  and  about  7,800  and  200  years  for  calcium. 
Thus,  when  measured  by  the  actual  crop  requirements  for  plant  food,  potassium 
is  no  more  limited  than  magnesium  and  calcium ; and  as  explained  in  the  Ap- 
pendix, with  magnesium,  and  more  especially  with  calcium,  we  must  also  con- 
sider the  fact  that  loss  by  leaching  is  far  greater  than  by  cropping. 

These  general  statements  relating  to  the  total  quantities  of  plant  food  in 
the  plowed  soil  of  the  most  prevalent  type  in  the  county  certainly  emphasize 
the  fact  that  the  supplies  of  some  of  these  necessary  elements  of  fertility  are 
extremely  limited  when  measured  by  the  needs  of  large  crop  yields  for  even  one 
or  two  generations  of  people. 


Table  2. — Eertility  in  the  Soils  of  Lake  County,  Illinois 
Average  pounds  per  acre  in  two  million  pounds  of  surface  soil  (about  0 to  6%  inches) 


Soil 

type 

No. 

Soil  type 

Total  | 
organic 
carbon 

Total 
nitro- 
1 gen 

Total 

phos- 

phorus 

Total 

potas- 

sium 

Total  I 
magne- 
sium | 

Total 

calcium 

Lime- 

stone 

present 

Soil 

acidity 

Upland  Prairie  Soils 

1226 

1060 

Brown  silt  loam 

Brown  sandy  loam 

89  950 
8 300 

7 490  1 430 1 46  930  12  680 
640  420  25  200 j 2 680 

13  300 
5 020 

50 

40 

Upland  Timber  Soils 


1234 

Yellow-gray  silt  loam.  . . 

32  220 

2 720 

750' 46  300 

1 9 210 

7 820 

40 

1035 

Yellow  silt  loam 

20  900 

1 880 

720  58  300  12  380 

6 270 

30 

1064 

Yellow-gray  sandy  loam. 

18  000 

1 720 

800  34  280 

5 480 

7 220 

20 

1064.4 

Yellow-gray  sandy  loam 

1 

on  gravel  

20  660 

1 520 

920  34  580 

5 080 

10  460 

40 

1281 

Dune  sand  

26  000 

1 860 

780  23  960 

4 920 

8 760 

12  720 

140 

1U90 

Gravelly  loam  

33  580 

2 760 

1 000  30  920 

11  960 

16  000 

Terrace  Soils 


1527 

Brown  silt  loam  over 

! 

gravel  

62  340 

5 180 

1 340 

36  340  7 460 

8 900 

60 

1564.4 

Yellow-gray  sandy  loam 

| 

on  gravel  

30  820 

2 680 

1 120 

38  600  7 480 

9 540 

40 

1560.4 

Brown  sandy  loam  on 

1 

gravel  

28  280 

2 420 

780 

37  660  7 680 

10  680 

20 

1590.4 

Gravelly  loam  on  gravel 

37  380 

3 240 

1 420,33  380  8 960 

9 160 

1 020 

Swamp  and  Bottom-Land  Soils 


1401 

Deep  peat  (slightly  de  l 

composed  moss)  

445  080 

7 990 

670 

6 120 

3 360 

2 850 

8 380 

1401 

Deep  peat,  normal  phase 

398  040 

32  570 

1 540 

3 900 

6 260 

24  970 

140 

1402 

Medium  peat  on  clay.  . . 

206  230 

17  380 

1 240 

16  450 

9 140 

18  450 

50 

1402.2 

Medium  peat  on  sand . . . 

271  560 

18  450 

1 030 

12  420 

8 080 

18  860 

80 

1403 

Shallow  peat  on  clay.  . . 

380  800 

27  420 

1 110 

6 410 

6 310 

28  780 

290 

1410 

Peaty  loam  

334  170 

31  650 

2 300 

18  540 

13  410 

40  050 

Often 

1450 

Black  mixed  loam 

164  480 

13  640 

1 740 

35  000 

14  140 

24  760 

16  080 

1454 

Mixed  loam  (bottom 

land)  

89  440 

8 190 

1 490 

34  690 

45  460 

91  180 

301  130 

1482 

Beach  sand  

5 420 

420 

660 

16  100 

1 9 620 

14  320 

20 
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The  variation  among  the  different  types  of  soil  in  Lake  county  with  respect 
to  their  content  of  important  plant-food  elements  is  also  very  marked.  Thus 
the  yellow  silt  loam  contains  in  2 million  pounds  of  surface  soil  sufficient  total 
nitrogen  for  12  “maximum”  crops  of  corn,  sufficient  phosphorus  for  31  crops, 
and  potassium  for  800  such  crops;  while  the  deep  peat  contains  in  1 million 
pounds  of  surface  soil,  nitrogen  for  217,  phosphorus  for  67,  and  potassium  for 
only  53  corn  crops  of  100  bushels  each.  Each  of  these  soil  types  covers  about 
8 percent  of  the  county.  More  than  90  percent  of  the  soils  of  the  county  contain 
no  limestone  in  the  surface  or  subsurface  to  a depth  of  20  inches,  altlio  the  pres 
ence  of  limestone  is  beneficial  for  most  crops,  especially  for  the  valuable  biennial 
and  perennial  legumes,  such  as  the  clovers  and  alfalfa. 

With  an  inexhaustible  supply  of  nitrogen  in  the  air,  and  with  46,000  pounds 
of  potassium  in  the  most  common  timber  soil,  the  economic  loss  in  farming  such 
land  with  some  acidity  and  with  only  750  pounds  of  total  phosphorus  in  the 
plowed  soil  can  be  appreciated  only  by  the  man  who  fully  realizes  that  in  less 
than  one  generation  the  crop  yields  could  be  doubled  by  the  proper  use  of  lime- 
stone and  phosphorus  in  rational  farm  systems,  without  change  of  seed  or  sea- 
son and  with  very  little  more  work  than  is  now  devoted  to  the  fields.  For- 
tunately, some  definite  field  experiments  have  already  been  conducted  on  this 
most  extensive  type  of  soil  in  Lake  county. 

Results  of  Experiments  on  Antioch  Field 

Table  3 shows  in  detail  thirteen  years’  results  secured  from  the  Antioch 
soil  experiment  field  located  on  the  farm  of  Mr.  D.  M.  White,  on  the  yellow-gray 
silt  loam  of  the  late  Wisconsin  glaciation.  Table  4 is  a financial  summary  of 
these  results. 

The  Antioch  field  was  started  in  order  to  learn  as  quickly  as  possible  what 
effect  would  be  produced  by  the  addition  to  this  type  of  soil,  of  nitrogen,  phos- 
phorus, and  potassium,  singly  and  in  combination.  These  elements  were  all 
added  in  commercial  form  until  1911,  after  which  the  use  of  commercial  nitrogen 
was  discontinued  and  crop  residues  were  substituted  in  its  place.  (See  report  of 
Urbana  field  for  further  explanations,  page  9.)  Only  a small  amount  of  lime 
was  applied  at  the  beginning,  in  harmony  with  the  teaching  which  was  common 
at  that  time ; furthermore,  Plot  101  proved  to  be  abnormal,  so  that  no  conclu- 
sions can  be  drawn  regarding  the  effect  of  lime.  In  order  to  ascertain  the  effect 
produced  by  additions  of  the  different  elements  singly,  Plot  102  must  be  re- 
garded as  the  check  plot.  Three  other  comparisons  are  also  possible  to  deter- 
mine the  effect  of  each  element  under  different  conditions. 

As  an  average  of  40  tests  (4  each  year  for  ten  years),  liberal  applications 
of  commercial  nitrogen  produced  a slight  decrease  in  crop  values;  but  as  an 
average  of  thirteen  years  each  dollar  invested  in  phosphorus  paid  back  $2.54 
(Plot  104),  while  potassium  applied  in  addition  to  phosphorus  (Plot  108)  pro- 
duced no  increase,  the  crops  being  valued  at  the  lower  prices  used  in  the  tabular 
statement.  Thus,  while  the  detailed  data  show  great  variation,  owing  both  to 
some  irregularity  of  soil  and  to  some  very  abnormal  seasons,  with  three  almost 
complete  crop  failures  (1904,  1907,  and  1910),  yet  the  general  summary  strongly 
confirms  the  analytical  data  in  showing  the  need  of  applying  phosphorus  and 


Table  3— Crop  Yields  in  Soil  Experiments,  Antioch  Field 
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Yellow-gray  silt  loam,  undulating 
timberland ; late  Wisconsin 
glaciation 

Soil  treatment 
applied1 
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Lime,  nitrogen 

Lime,  phosphorus  

Lime,  potassium  

Lime,  nitrogen,  phosphorus  

Lime,  nitrogen,  potassium 

Lime,  phosphorus,  potassium 

Lime,  nitrogen,  phosphorus,  potas- 
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^rop  residues  in  place  of  commercial  nitrogen  after  1911. 

^Figures  in  parentheses  indicate  bushels  of  seed;  the  others,  tons  of  hay. 
3No  seed  produced:  clover  plowed  under  on  these  plots. 
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the  profit  from  its  use,  and  the  loss  in  adding  potassium.  In  most  cases  com- 
mercial nitrogen  damaged  the  small  grains  by  causing  the  crop  to  lodge ; but  in 
those  years  when  a corn  yield  of  40  bushels  or  more  was  secured  by  the  appli- 
cation of  phosphorus  either  alone  or  with  potassium,  then  the  addition  of  nitro- 
gen produced  an  increase. 


Table  4. — Value  of  Crops  per  Acre  in  Thirteen  Years,  Antioch  Field 


Plot 

Soil  treatment  applied 

Total  value  of 
thirteen  crops 

Lower 

prices1 

Higher 

prices2 

101 

None  

$135.12 

$193.03 

171.06 

102 

Lime 

119.74 

103 

Lime,  nitrogen 

124.70 

178.15 

288.85 

104 

Lime,  phosphorus  

202.20 

105 

Lime,  potassium 

138.88 

198.40 

106 

Lime,  nitrogen,  phosphorus 

179T4T 

256.31 

107 

Lime,  nitrogen,  potassium .....' 

133.54 

190.77 

108 

Nitrogen,  phosphorus,  potassium 

201.35 

287.65 

109 

110 

Lime,  nitrogen,  phosphorus,  potassium 

Nitrogen,  phosphorus,  potassium 

191.22 

181.18 

273.18 

258.83 

Value  of  Increase  per  Acre  in  Thirteen  Years 


For  nitrogen 

For  phosphorus 

For  nitrogen  and  phosphorus  over  phosphorus 

For  phosphorus  and  nitrogen  over  nitrogen 

For  potassium,  nitrogen,  and  phosphorus  over  nitrogen  and  phosphorus.  . . 


$ 4.96 

$ 7.09 

82.46 

117.79 

-22.79 

-32.54 

54.71 

78.16 

11.81 

16.87 

1Wheat  at  70  cents  a bushel,  corn  at  35  cents,  oats  at  28  cents,  hay  at  $7  a ton. 

2Wheat  at  $1  a bushel,  corn  at  50  cents,  oats  at  40  cents,  hay  at  $10  a ton. 


Plate  1. — Clover  in  1913  on  Antioch  Field 
Lime  Applied  and  Residues  Plowed  Under 
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From  a comparison  of  the  results  from  the  Urbana,  Sibley,  and  Blooming- 
ton fields  (see  following  pages),  we  must  conclude  that  better  yields  are  to  be 
secured  by  providing  nitrogen  by  means  of  farm  manure  or  legume  crops  grown 
in  the  rotation  than  by  the  use  of  commercial  nitrogen,  which  is  evidently  too 
readily  available,  causing  too  rapid  growth  and  consequent  weakness  of  straw ; 
and  of  course  the  atmosphere  is  the  most  economic  source  of  nitrogen  where  that 
element  is  needed  for  soil  improvement  in  general  farming.  (See  Appendix  for 
detailed  discussion  of  “ Permanent  Soil  Improvement.’ ’ 

Results  of  Field  Experiments  at  Urbana 

No  soil  experiment  field  has  been  conducted  on  the  brown  silt  loam  of  the 
late  Wisconsin  glaciation,  but  we  may  well  consider  the  results  from  long-con- 
tinued experiments  on  similar  soil  in  the  early  Wisconsin  glaciation,  as  at  Urbana 
in  Champaign  county,  at  Sibley  in  Ford  county,  and  at  Bloomington  in  McLean 
county.  (Long-cultivated  fields  of  brown  silt  loam  in  the  late  Wisconsin  gla- 
ciation are  sometimes  found  to  contain  no  more  phosphorus  or  nitrogen  than  the 
average  in  the  brown  silt  loam  of  the  early  Wisconsin.) 

A three-year  rotation  of  corn,  oats,  and  clover  was  begun  on  the  North  Farm 
at  the  University  of  Illinois  in  1902,  on  three  fields  of  typical  brown  silt  loam 
prairie  land  which,  after  twenty  years  or  more  of  pasturing,  had  grown  corn  in 
1895,  1896,  and  1897  (when  careful  records  were  kept  of  the  yields  produced), 
and  had  then  been  cropped  with  clover  and  grass  on  one  field  (Series  100),  oats 
on  another  (Series  200),  and  oats,  cowpeas,  and  corn  on  the  third  field  (Series 
300)  until  1901. 


Plate  2. — Clover  in  1913  on  Antioch  Field 
Lime  and  Phosphorus  Applied 
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From  1902  to  1910  the  three-year  rotation  (with  cowpeas  in  place  of  clover 
in  1902)  was  followed  ; the  average  yields  are  recorded  in  Table  5.  A small  crop 
of  cowpeas  in  1902  and  a partial  crop  of  clover  in  1904  constituted  all  the  hay 
harvested  during  the  first  rotation,  mammoth  clover  grown  in  1903  having  lodged 
so  that  it  was  plowed  under.  (The  yields  were  taken  by  carefully  weighing  the 
clover  from  small  representative  areas,  but  while  the  differences  were  thus  ascer- 
tained and  properly  credited  temporarily  to  the  different  soil  treatments,  they 
must  ultimately  reappear  in  subsequent  crop  yields,  and  consequently  the  1903 
clover  crop  is  omitted  from  Table  5 in  computing  yields  and  values.)  The  aver- 
age yields  given  represent  one-third  of  the  two  small  crops. 

From  1902  to  1907  legume  cover  crops  (Le),  such  as  cowpeas  and  clover, 
were  seeded  in  the  corn  at  the  last  cultivation  on  Plots  2,  4,  6,  and  8,  but  the 
growth  was  small  and  the  effect,  if  any,  was  to  decrease  the  returns  from  the 
regular  crops.  Since  1907  crop  residues  (R)  have  been  returned  to  those  plots. 
These  consist  of  the  stalks  of  corn,  the  straw  of  small  grains,  and  all  legumes 
except  alfalfa  hay  and  the  seed  of  clover  and  soybeans. 

On  Plots  3,  5,  7,  and  9,  manure  (M)  was  applied  for  corn  at  the  rate  of 
G tons  per  acre  during  the  second  rotation,  and  subsequently  as  many  tons  of 
manure  have  been  applied  as  there  were  tons  of  air-dry  produce  harvested  from 
the  corresponding  plots. 

Lime  (L)  was  applied  on  Plots  4 to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902  and  600  pounds  of  limestone  in  1903.  Subsequently 
2 tons  per  acre  of  limestone  was  applied  to  these  plots  on  Series  100  in  1911,  on 
Series  200  in  1912,  on  Series  300  in  1913,  and  on  Series  400  in  1914;  also  2*4 
tons  per  acre  on  Series  500  in  1911,  two  more  fields  having  been  brought  into 
rotation,  as  explained  below. 

Phosphorus  (P)  has  been  applied  on  Plots  6 to  9 at  the  rate  of  25  pounds  per 
acre  per  annum  in  200  pounds  of  steamed  bone  meal ; but  beginning  with  1908, 
one  half  of  each  phosphorus  plot  has  received  600  pounds  of  rock  phosphate  in 
place  of  the  200  pounds  of  bone  meal,  the  usual  practice  being  to  apply  and  plow 
under  at  one  time  all  phosphorus  and  potassium  required  for  the  rotation. 

Potassium  (K=kalium)  has  been  applied  on  Plots  8 and  9 at  the  yearly 
rate  of  42  pounds  per  acre  in  100  pounds  of  potassium  sulfate,  regularly  in  con- 
nection with  the  bone  meal  and  rock  phosphate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  but  this  “extra  heavy”  treatment  was  not  begun  until 
1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  The  purpose  in  making  these  heavy  applications  is  to  try  to 
determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limitations 
of  inadequate  fertility. 

Series  400  and  500  were  cropped  in  corn  and  oats  from  1902  to  1910,  but 
the  corresponding  plots  were  treated  the  same  as  in  the  three-year  rotation. 
Beginning  with  1911,  the  five  series  have  been  used  for  a combination  rotation, 
wheat,  corn,  oats,  and  clover  being  rotated  for  five  years  on  four  fields,  while 
alfalfa  occupies  the  fifth  field,  which  is  then  to  be  brought  under  the  four-crop 
system  to  make  place  for  alfalfa  on  one  of  the  other  fields  for  another  five-year 
period,  and  so  on.  (See  Table  6.) 


Table  5. — Yields  per  Acre,  Three-year  Averages:  Urbana  Field 
Brown  Silt  Loam  Prairie;  Early  Wisconsin  Glaciation 
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Third  rotation,  ] 908-1910 

Value  of  3 
crops 

Higher 

prices 

(M  H CO  M W 
O -q  -q  IO  CO 

rtl  cm*  co*  tM  id 

© CD  b CO  00 

O CO  IO  OS  b 
rH  — 1 CO  GO  CM. 
© b rH*  to*  © 

OS  O 00  O O 

i— 1 I— 1 I— 1 

Lower 

prices 

H © O b 05 
CO  CD  © Cl  © 
Tji  CO  Hi?  I'M  © 
IO  ^ © 

-ee- 

b-  H CO  CM  OS 
O O CM  i-H  rH 
CO*  id  OS  rH*  O* 
CO  b to  b b 

Clover, 

tons 

(bu.) 

© CO  CO  CM  Hfl 
CO  05  *o  O Cj 
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^Tb  Os'©  © 
CO  I-H  OS  OS  b 
CM*  "H*  i-H  CO*  CO 

Oats, 

bu. 

00  r*  CM  b © 1 
o co’  co  id  b* 
^ ^ ^ 

to  to  CO  CO 
rH*  to  CO*  CO*  tH 

to  to  to  to  to 

Corn, 

bu. 

1 

rH  IO  CO  rH  OS  GO  CO  b OS  CO 

OS  r-1  ©*  00  rjl  CO  CD  6 O H 

^ 50  CO  50  b ^ GO  GO  00  OS  GO 

1 Soil 
treat- 
ment 

RLP.  .. 
MLP,  . . 
RLPK 
MLPK 
MxLPx 

Second  rotation,  1905-1907 

Value  of  3 
crops 

Lower  1 Higher 
prices  | prices 

OS  50  b OS  CM 
O CO  o co  OS 
id  co*  -^*  os’  © 
b b oo  b os 
-ee- 

GO  Hjt  <30  CO  rH 
CO  O H 00  OO 
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© CO*  rH  OO*  OS* 
lb  b b b CO 
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b CO  © GO  © 
O GO  i-H  OS  rH 
CM*  r-i  CM  r-1  CM* 

© b © CO  CO 
CD  ^ O b GO 
CM*  CO*  CO*  CO*  CM 

Oats, 

bu. 

CO  O 00  CO  GO 
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to  to  to  LO 

b cq  b os  os 

O I-H  1-5  cd  CM* 
b b b © © 
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bu. 

to  to  to  co  oo  1 
h co  6 d ^ ’ 
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Soil 

treat- 

ment 

0 

Le 

M 

LeL 

ML 
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First  rotation,  1902-1904 

Value  of  3 
crops 
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prices 
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H H OS  CO  O 
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Soil 
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Le 

0 
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L 
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LP 
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No. 
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Table  6. — Yields  per  Acre,  Four-year  Averages,  1911-1914:  Urbana  Field 

Brown  Silt  Loam  Prairie;  Early  Wisconsin  Glaciation 


Serial 

plot 

No. 

Soil 

treat- 

ment 

Wheat, 

bu. 

Corn, 

bu. 

Oats, 

bu. 

Soybeans-3, 
tons  (bu.) 

Clover-1, 
tons  (bu.) 

Alfalfa, 

tons 

Value  of  5 crops 

Lower 

prices 

Higher 

prices 

1~ 

0.  .'77777. 

18.3 

50.8 

39.8 

1.60 

1.70 

1.70 

$65.00 

$92.87 

2 

R 

19.7 

53.8 

40.6 

(20.1) 

( .74) 

1.27 

64.72 

92.47 

3 

M 

20.3 

59.3 

48.8 

1.60 

1.43 

1.13 

67.44 

96.35 

4 

EL 

22.3 

55.7 

42.8 

(19.0) 

(1.03) 

1.19 

67.20 

96.00 

5 

ML 

24.9 

58.6 

51.6 

1.66 

1.94 

1.67 

76.19 

108.S4 

6 

ELP .... 

37.4 

62.2 

58.7 

(21.0) 

(2.48) 

2.69 

98.58 

140.83 

7 

MLP 

36.6 

63.8 

60.9 

1.88 

2.90 

2.63 

98.36 

140.51 

8 

RLPK. . . 

36.1  ! 

58.9 

59.1 

(22.2) 

(1.41) 

2.58 

94.61 

135.16 

9 

MLPK.  . 

35.3 

59.6 

65.1 

2.09 

2.72 

2.66 

98.15 

140.22 

10 

MxLPx . . 

43.5  | 

55.7  , 

67.2 

2.14 

2.94 

2.84 

105.02 

150.03 

From  1911  to  1914  soybeans  were  substituted  three  years  because  of  clover 
failure,  and  three-fourths  of  the  soybeans  and  one-fourth  of  the  clover  are  used 
to  compute  values.  Alfalfa  from  the  1911  seeding  so  nearly  failed  that  after 
cutting  one  crop  in  1912,  the  field  was  plowed  and  reseeded.  The  average  yield 
reported  for  alfalfa  in  Table  6 is  one-fourth  of  the  combined  crops  of  1912,  1913, 
and  1914. 


Plate  3. — Clover  in  1913  on  Urbana  Field 
Farm  Manure  Applied 
Yield,  1.43  Tons  per  Acre 
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The  “higher  prices”  allowed  for  produce  are  $1  a bushel  for  wheat  and 
soybeans,  50  cents  for  corn,  40  cents  for  oats,  $10  for  clover  seed,  and  $10  a ton 
for  hay;  while  the  “lower  prices”  are  70  percent  of  these  values,  or  70  cents 
for  wheat  and  soybeans,  35  cents  for  corn,  28  cents  for  oats,  $7  for  clover  seed, 
and  $7  a ton  for  hay.  The  double  set  of  values  is  used  to  emphasize  the  fact 
that  a given  practice  may  or  may  not  be  profitable,  depending  upon  the  prices 
of  farm  produce.  The  lower  prices  are  conservative,  and  unless  otherwise  stated, 
they  are  the  values  regularly  used  in  the  discussion  of  results.  It  should  be 
understood  that  the  increase  produced  by  manures  and  fertilizers  requires  in- 
creased expense  for  binding  twine,  shocking,  stacking,  baling,  threshing,  haul- 
ing, storing,  and  marketing.  Measured  by  the  average  Illinois  prices  for  the 
past  ten  years,  these  lower  values  are  high  enough  for  farm  crops  standing  in 
the  field  ready  for  the  harvest. 

The  cost  of  limestone  delivered  at  the  farmers’  railroad  station  in  carload 
lots  averages  about  $1.25  per  ton.  Steamed  bone  meal  in  carloads  costs  from 
$25  to  $30  per  ton.  Fine-ground  raw  rock  phosphate  containing  from  260  to 
280  pounds  of  phosphorus,  or  as  much  as  the  bone  meal  contains,  ton  for  ton, 
but  in  less  readily  available  form,  usually  costs  the  farmer  from  $6.50  to  $7.50  per 
ton  in  carloads.  (Acid  phosphate  carrying  half  as  much  phosphorus,  but  in 
soluble  form,  commonly  costs  from  $15  to  $17  per  ton  delivered  in  carload  lots 


Plate  4. — Clover  in  1913  on  Urbana  Field 
Farm  Manure,  Limestone,  and  Phosphorus  Applied 
Yield,  2.90  Tons  per  Acre 
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in  central  Illinois.)  Under  normal  conditions  potassium  costs  about  6 cents  a 
pound,  or  $2.50  per  acre  per  annum  for  the  amount  applied  in  these  experi- 
ments, the  same  as  the  cost  of  200  pounds  of  steamed  bone  meal  at  $25  per  ton. 

To  these  cash  investments  must  be  added  the  expense  of  hauling  and  spread- 
ing the  materials.  This  will  vary  with  the  distance  from  the  farm  to  the  rail- 
road station,  with  the  character  of  roads,  and  with  the  farm  force  and  the  imme- 
diate requirements  of  other  lines  of  farm  work.  It  is  the  part  of  wisdom  to  order 
such  materials  in  advance  to  be  shipped  when  specified,  so  that  they  may  be  re- 
ceived and  applied  when  other  farm  work  is  not  too  pressing  and,  if  possible, 
when  the  roads  are  likely  to  be  in  good  condition. 

The  practice  of  seeding  legume  cover  crops  in  the  cornfield  at  the  last  culti- 
vation where  oats  are  to  follow  the  next  year  has  not  been  found  profitable,  as  a 
rule,  on  good  corn-belt  soil ; but  the  returning  of  the  crop  residues  to  the  land 
may  maintain  the  nitrogen  and  organic  matter  equally  as  well  as  the  hauling  and 
spreading  of  farm  manure, — and  this  makes  possible  permanent  systems  of  farm- 
ing on  grain  farms  as  well  as  on  live-stock  farms,  provided,  of  course,  that  other 
essentials  are  supplied.  ( Clover  with  oats  or  wheat,  as  a cover  crop  to  be  plowed 
under  for  corn,  often  gives  good  results.) 

At  the  lower  prices  for  produce,  manure  (6  tons  per  acre)  was  worth  $1.05 
a ton  as  an  average  for  the  first  three  years  it  was  applied  (1905  to  1907).  The 
next  rotation  the  average  application  of  10.21  tons  per  acre  on  Plot  3 was  worth 
$10.09,  or  99  cents  a ton.  The  last  four  years,  1911  to  1914,  the  average  amount 
applied  (once  for  the  rotation)  on  Plot  3 was  11.35  tons  per  acre,  worth  $6.42, 
or  57  cents  a ton,  as  measured  by  its  effect  on  the  wheat,  corn,  oats,  soybeans, 
and  clover.  Thus,  as  an  average  of  the  ten  years’  results,  the  farm  manure  ap- 
plied to  Plot  3 has  been  worth  84  cents  a ton  on  common  corn-belt  prairie  soil, 
with  a good  crop  rotation  including  legumes.  During  the  last  rotation  period 
moisture  has  been  the  limiting  factor  to  such  an  extent  as  probably  to  lessen  the 
effect  of  the  manure. 

Aside  from  the  crop  residues  and  manure,  each  addition  affords  a duplicate 
test  as  to  its  effect.  Thus  the  effect  of  limestone  is  ascertained  by  comparing  Plots 
4 and  5,  not  with  Plot  1,  but  with  Plots  2 and  3 ; and  the  effect  of  phosphorus  is 
ascertained  by  comparing  Plots  6 and  7 with  Plots  4 and  5,  respectively. 

As  a general  average  the  plots  receiving  limestone  have  produced  $1.22  an 
acre  a year  more  than  those  without  limestone,  and  this  corresponds  to  more  than 
$6  a ton  for  all  of  the  limestone  applied ; but  the  amounts  used  before  1911 
were  so  small  and  the  results  vary  so  greatly  with  the  different  plots,  crops,  and 
seasons  that  final  conclusions  cannot  be  drawn  until  further  data  are  secured, 
the  first  2-ton  applications  having  been  completed  only  for  1914.  However,  all 
comparisons  by  rotation  periods  show  some  increase  for  limestone,  varying  from 
82  cents  on  three  acres  (Plot  4)  during  the  first  rotation,  to  $8.75  on  five  acres 
(Plot  5)  as  an  average  of  the  last  four  years;  and  the  need  of  limestone  for  best 
results  and  highest  profits  seems  well  established. 

As  an  average  of  duplicate  trials  (Plots  6 and  7),  phosphorus  in  bone  meal 
produced  increases  valued  at  $1.92  per  acre  per  annum  for  the  first  three  years 
and  at  $4.67  for  the  next  three;  and  the  corresponding  subsequent  average  in- 
creases from  bone  meal  and  raw  phosphate  (one-half  plot  of  each)  were  $5.12  for 
the  third  rotation  and  $5.36  for  the  last  four  years,  1911  to  1914.  The  annual 
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expense  per  acre  for  phosphorus  is  $2.80  in  bone  meal  at  $28  a ton,  or  $2.10  for 
rock  phosphate  at  $7  a ton. 

Potassium,  applied  at  an  estimated  cost  of  $2.50  an  acre  a year,  seemed  to 
produce  slight  increases,  as  an  average,  during  the  first  and  second  rotations; 
but  subsequently  those  increases  have  been  slightly  more  than  lost  in  reduced 
average  yields,  the  net  result  to  date  being  an  average  loss  of  $2.53  per  acre 
per  annum,  including  the  cost  of  the  potassium. 

Thus  phosphorus  nearly  paid  its  cost  during  the  first  rotation,  and  has  sub- 
sequently paid  its  annual  cost  and  about  100  percent  net  profit;  while  potassium, 
as  a general  average,  has  produced  no  effect,  and  money  spent  for  its  applica- 
tion has  been  lost.  These  field  results  are  in  harmony  with  what  might  well  be 
expected  on  land  naturally  containing  in  the  plowed  soil  of  an  acre  only  about 
1,200  pounds  of  phosphorus  and  more  than  36,000  pounds  of  potassium. 

The  total  value  of  five  average  crops  harvested  from  the  untreated  land  dur- 
ing the  last  four  years  is  $65.  Where  limestone  and  phosphorus  have  been  used 
together  with  organic  manures  (either  crop  residues  or  farm  manure),  the  cor- 
responding value  exceeds  $98.  Thus  200  acres  of  the  properly  treated  land 
would  produce  as  much  in  crops  and  in  value  as  300  acres  of  the  untreated  land. 

The  excessive  applications  on  Plot  10  have  usually  produced  rank  growth 
of  straw  and  stalk  with  the  result  that  oats  have  often  lodged  badly  and  corn 
has  frequently  suffered  from  drouth  and  eared  poorly.  Wheat,  however,  has 
as  an  average  yielded  best  on  this  plot.  The  largest  yield  of  corn  on  Plot  10  was 
118  bushels  per  acre  in  1907. 

Results  of  Experiments  of  Sibley  Field 

Table  7 gives  the  results  obtained  during  twelve  years  from  the  Sibley  soil 
experiment  field  located  in  Ford  county  on  the  typical  brown  silt  loam  prairie 
of  the  Illinois  corn  belt. 

Previous  to  1902  this  land  had  been  cropped  with  corn  and  oats  for  many 
years  under  a system  of  tenant  farming,  and  the  soil  had  become  somewhat  defi- 
cient in  active  organic  matter.  While  phosphorus  was  the  limiting  element  of 
plant  food,  the  supply  of  nitrogen  becoming  available  annually  was  but  little  in 
excess  of  the  phosphorus,  as  is  well  shown  by  the  corn  yields  for  1903,  when  the 
addition  of  phosphorus  produced  an  increase  of  8 bushels,  nitrogen  produced 
no  increase,  but  nitrogen  and  phosphorus  together  increased  the  yield  by  15 
bushels. 

After  six  years  of  additional  cropping,  however,  nitrogen  appeared  to  be- 
come the  most  limiting  element,  the  increase  in  the  corn  in  1907  being  9 bushels 
from  nitrogen  and  only  5 bushels  from  phosphorus,  while  both  together  pro- 
duced an  increase  of  33  bushels.  By  comparing  the  corn  yields  for  the  four 
years  1902,  1903,  1906,  and  1907,  it  will  be  seen  that  the  untreated  land  appar- 
ently grew  less  productive,  whereas,  on  land  receiving  both  phosphorus  and 
nitrogen,  the  yield  appreciably  increased,  so  that  in  1907,  when  the  untreated 
rotated  land  produced  only  34  bushels  of  corn  per  acre,  a yield  of  72  bushels 
(more  than  twice  as  much)  was  produced  where  lime,  nitrogen,  and  phosphorus 
had  been  applied,  altho  the  two  plots  produced  exactly  the  same  yield  (57.3 
bushels)  in  1902. 
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Even  in  the  unfavorable  season  of  1910  the  yield  of  the  highest  producing 
plot  exceeded  -the  yield  of  the  same  plot  in  1902,  while  the  untreated  land  pro- 
duced less  than  half  as  much  as  it  produced  in  1902.  The  prolonged  drouth  of 
1911  resulted  in  almost  a failure  of  the  corn  crop,  but  nevertheless  the  effect  of 
soil  treatment  was  seen.  Phosphorus  appeared  to  be  the  first  limiting  element 
again  in  1909,  1910,  and  1911 ; while  the  lodging  of  oats,  especially  on  the  nitro- 
gen plots,  in  the  exceptionally  favorable  season  of  1912,  produced  very  irregular 
results.  In  1913,  wheat  averaged  6.6  bushels  without  nitrogen  or  phosphorus 


Table  7. — Crop  Yields  in  Soil  Experiments,  Sibley  Field 


Brown  silt  loam  prairie ; 
early  Wisconsin 
glaciation 

Corn  Corn 
1902  1903 

Oats  Wheat  Corn 

1904  1905  11906 

1 1 1 

Corn1 

1907 

1 

Oats 

1908 

1 

Wheat' 

1909 

Corn1 

1910 

1 

Corn 

1911 

Oats 

1912 

Wheat 

1913 

Plot 

Soil  treatment 
applied 

Bushels 

i per  acre 

To! 

None  

57.3 

50.4 

74.4 

29.5 

36.7 

33.9 

25.9 

25.3 

26.6 

20.7 

84.4 

5.5 

102 

Lime  

GO.O 

54.0 

74.7 

31.7 

39.2 

38.9 

24.7 

28.8 

34.0 

22.2 

_ 

85.6 

6.8 

T03~ 

Lime,  nitro 

GCtO 

54.3 

77^5 

32.8~ 

4L7 

36.3 

i9:<r 

2976 

22.4 

25.3 

18.3 

104 

Lime,  phos 

61.3 

62.3 

92.5 

36.3 

44.8 

43.5 

25.6 

32.2 

52.0 

31.6 

92.3 

10.7 

105 

Lime,  potas 

56.0 

49.9 

74.4 

30.2 

37.5 

34.9 

22.2 

23.2 

34.2 

21.6 

83.1 

7.5 

10G 

Lime,  nitro.,  phos..  . 

57.3 

69.1 

88.4 

45.2 

68J5 

72.3 

45^6 

33.3 

“5576 

42.2 

24.7 

107 

Lime,  nitro.,  potas.. 
Lime,  phos.,  potas.. . 

53.3 

51.4 

75.9 

37.7 

39.7 

51.1 

42.2 

: 25.8 

46.2 

20.1 

55.6 

19.2 

108 

58.7 

60.9 

80.0 

39.8 

41.5 

39.8 

27.2 

28.5 

43.0 

31.8 

79.7 

11.8 

109 

IM- 

Lime,  nitro.,  phos., 
potas 

: 58.7 

65.9 

82.5 

48.0 

69.5 

80.1 

52.8 

35.0 

58.0 

j 35.7 

57.2 

24.5 

no 

Nitro.,  phos.,  potas.. 

| 60.0 

60.1 

; 85.0 

48.5 

63.3 

72.3 

44.1 

1 30.8 

i 64.4 

1 31.5 

54.1 

18.0 

Increase:  Bushels  per  Acre 


For  nitrogen 

.0 

.3 

2.8 

1.1 

2.5 

9.2 

11.6 

-9.8  j 

-5.0, 

.2 

-60.3 

11.5 

For  phosphorus  

1.3 

8.3 

17.8 

4.6 

5.6 

4.6 

.9 

3.4 

18.0 

9.4 

6.7 

3.9 

For  potassium  

-4.0 

-4.1 

-.3 

-1.5 

-1.7 

-4.0 

-2.5 

-5.6 

.2 

-.6 

-2.5 

.7 

For  nitro.,  phos.  over 
phos 

-4.0 

6.8 

-4.1 

8.9 

23.7 

28.8 

20.0 

1.1 

3.6 

3.7 

-50.1 

14.0 

For  phos.,  nitro.  over 
nitro  

-2  7 

14.8 

10.9 

12.4 

24.8 

24.2 

9.3 

14.3 

| 

26.6  12.9 

16.9 

6.4 

For  potas.,  nitro.,  phos. 
over  nitro.,  phos 

,4 

-3.2 

-5.9 

2.8 

1.0 

7.8 

7.2 

1.7 

1 

2.4 

.4 

15.0 

-.2 

Value  of  Crops  per  Acre  in  Twelve  Years 


Plot 

Soil  treatment  applied 

Total  value  of 
twelve  crops 

Lower 

prices 

Higher 

prices 

101 

102 

$172.89 

186.51 

$246.98 

266.45 

"103" 

104 

Lime,  nitrogen 

Lime,  phosphorus 

177.44 

217.78 

253.49" 

311.11 

105 

Lime,  potassium 

167.32 

239.03 

106 

Lime,  nitrogen,  phosphorus 

246.91 

352.73 

107 

Lime,  nitrogen,  potassium 

198.16 

283.08 

108 

Lime,  phosphorus,  potassium 

204.90 

292.71 

lb9 

Lime,  nitrogen,  phosphorus,  potassium 

257.91 

368.45 

110 

Nitrogen,  phosphorus,  potassium 

242.47 

346.38 

Value  of  Increase  per  Acre  in  Twelve  Years 


For  nitrogen 

-$  9.07 
31.27 

-*$12.96 

44.66 

For  phosphorus 

For  nitrogen  and  phosphorus  over  phosphorus 

29.13 

41.62 

For  phosphorus  and  nitrogen  over  nitrogen 

69.47 

99.24 

For  potassium , nitrogen  and  phosphorus  over  nitrogen  and  phosphorus 

11.00 

15.72 
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(Plots  101,  102,  105)  and  22.4  bushels  where  both  nitrogen  and  phosphorus  were 
added  (Plots  106,  109,  110). 

In  the  lower  part  of  Table  7 are  shown  the  total  values  per  acre  of  the  twelve 
crops  from  each  of  the  ten  different  plots,  the  amounts  varying  from  $167.32  to 
$257.91,  with  corn  valued  at  35  cents  a bushel,  oats  at  28  cents,  and  wheat  at 
70  cents.  Phosphorus  without  nitrogen  has  produced  $31.27  in  addition  to  the 
increase  by  lime,  but  with  nitrogen  it  has  produced  $69.47  above  the  crop  values 
where  only  lime  and  nitrogen  have  been  used.  The  results  show  that  in  26  cases 
out  of  48  the  addition  of  potassium  has  decreased  the  crop  yields.  Even  when 
applied  in  addition  to  phosphorus,  and  with  no  effort  to  liberate  potassium  from 
the  soil  by  adding  organic  matter,  potassium  has  produced  no  increase  in  crop 
values  as  an  average  of  the  results  from  Plots  108  and  109. 

By  comparing  Plots  101  and  102,  and  also  109  and  110,  it  is  seen  that  lime 
has  produced  an  average  increase  of  $14.53,  or  $1.21  an  acre  a year.  This  in- 
crease on  these  plots  is  practically  the  same  as  at  Urbana,  and  it  suggests  that  the 
time  is  here  when  limestone  must  be  applied  to  some  of  these  brown  silt  loam  soils. 

While  nitrogen,  on  the  whole,  has  produced  an  appreciable  increase,  espe- 
cially on  those  plots  to  which  phosphorus  has  also  been  added,  it  has  cost,  in  com- 
mercial form,  so  much  above  the  value  of  the  increase  produced  that  the  only 
conclusion  to  be  drawn,  if  we  are  to  utilize  this  fact  to  advantage,  is  that  the 
nitrogen  must  be  secured  from  the  air. 

Results  of  Experiments  on  Bloomington  Field 

Space  is  taken  to  insert  Tables  8 and  9,  giving  all  results  thus  far  obtained 
from  the  Bloomington  soil  experiment  field,  which  is  also  located  on  the  brown 
silt  loam  prairie  soil  of  the  Illinois  corn  belt. 

The  general  results  of  the  thirteen  years’  work  on  the  Bloomington  field  tell 
much  the  same  story  as  those  from  the  Sibley  field.  The  rotations  have  differed 
since  1905  by  the  use  of  clover  and  the  discontinuing  of  the  use  of  commercial 
nitrogen  on  the  Bloomington  field, — in  consequence  of  which  phosphorus  without 
commercial  nitrogen,  on  the  Bloomington  field,  has  produced  an  even  larger  in- 
crease ($99.85)  than  has  been  produced  by  phosphorus  and  nitrogen  over  nitro- 
gen on  the  Sibley  field  ($69.47) . 

It  should  be  stated  that  a draw  runs  near  Plot  110  on  the  Bloomington  field, 
that  the  crops  on  that  plot  are  sometimes  damaged  by  overflow  or  imperfect 
drainage,  and  that  Plot  101,  occupies  the  lowest  ground  on  the  opposite  side  of 
the  field.  In  part  because  of  these  irregularities  and  in  part  because  only  one 
small  application  has  been  made,  no  conclusions  can  be  drawn  in  regard  to  lime. 
Otherwise  all  results  reported  in  Table  8 are  considered  reliable.  They  not  only 
furnish  much  information  in  themselves,  but  they  also  offer  instructive  com- 
parison with  the  Sibley  field. 

Wherever  nitrogen  has  been  provided,  either  by  direct  application  of  by  the 
use  of  legume  crops,  the  addition  of  the  element  phosphorus  has  produced  very 
marked  increases,  the  average  yearly  increase  for  the  Bloomington  field  being 
worth  $7.02  an  acre.  This  is  $4.52  above  the  cost  of  the  phosphorus  in  200  pounds 
of  steamed  bone  meal,  the  form  in  which  it  is  applied  on  the  Sibley  and  the 
Bloomington  fields.  On  the  other  hand,  the  use  of  phosphorus  without  nitrogen 


Table  8. — Crop  Yields  in  Soil  Experiments,  Bloomington  Field 
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Oats 

1914 

Bushels  or  tons  per  acre 

29.8 

40.6 
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CO  iq  rH 
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Brown  silt  loam  prairie; 
early  Wisconsin  glaciation 

Soil  treatment 
applied 

None 

Lime 

Lime,  crop  residues1 

Lime,  phosphorus 

Lime,  potassium 

Lime,  residues,1  phosphorus 

Lime,  residues,1  potassium 

Lime,  phosphorus,  potassium 

Lime,  residues,1  phosphorus,  potassium 

Residues,  phosphorus,  potassium 

Plot 

rH  CM 

o o 

1— 1 I— 1 

M IO 

O O O 
H r— 1 rl 
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Commercial  nitrogen  was  used  1902-1905. 

2The  figures  in  parenthses  mean  bushels  of  seed;  the  others,  tons  of  hay. 
Clover  smothered  by  previous  wheat  crop. 
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Table  9. — Value  of  Crops  per  Acre  in  Thirteen  Years,  Bloomington  Field 


Plot 

Soil  treatment  applied 

Total  value  of 
thirteen  crops 

Lower 

prices 

Higher 

prices 

101 

102 

Lime 

$186.83 

186.76 

$266.90 

266.80 

103 

104 

105 

Lime,  residues 

193.83 

286.61 

190.53 

276.90 

409.45 

272.19 

Lime,  phosphorus 

Lime,  potassium 

106 

Lime,  residues,  phosphorus 

285.03 

407.19 

107 

Lime,  residues,  potassium 

191.10 

273.00 

108 

Lime,  phosphorus,  potassium 

294.91 

421.31 

109 

Lime,  residues,  phosphorus,  potassium 

284.47 

406.39 

110 

Residues,  phosphorus,  potassium 

259.10 

370.15 

Value  of  Increase  per  Acre  in  Thirteen  Years 

For  residues 

$ 7.07 
99.85 

$ 10.10 
142.65 

For  phosphorus 

For  residuts  and  phosphorus  over  phosphorus 

-1.58 

-2.26 

For  phosphorus  and  residues  over  residues 

91.20 

130.29 

For  potassium,  residues,  and  phosphorus  over  residues  and  phosphorus.  . . . 

-.56 

-.80 

will  not  maintain  the  fertility  of  the  soil  (see  Plots  104  and  106,  Sibley  field). 
As  the  only  practical  and  profitable  method  of  supplying  nitrogen,  a liberal  use 
of  clover  or  other  legumes  is  suggested,  the  legume  to  be  plowed  under  either 
directly  or  as  manure,  preferably  in  connection  with  the  phosphorus  applied, 
especially  if  raw  rock  phosphate  is  used. 

From  the  soil  of  the  best  treated  plots  on  the  Bloomington  field,  180  pounds 
per  acre  of  phosphorus,  as  an  average,  has  been  removed  in  the  thirteen  crops. 
This  is  equal  to  15  percent  of  the  total  phosphorus  contained  in  the  surface  soil 
of  an  acre  of  the  untreated  land.  In  other  words,  if  such  crops  could  be  grown 


Plate  5. — Corn  in  1912  on  Bloomington  Field 
On  Left,  Residues,  Lime,  and  Potassium  : Yield,  58.9  Bushels 
On  Right,  Residues,  Lime,  and  Phosphorus:  Yield,  86.1  Bushels 
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for  eighty  years,  they  would  require  as  much  phosphorus  as  the  total  supply  in 
the  ordinary  plowed  soil.  The  results  plainly  show,  however,  that  without  the 
addition  of  phosphorus  such  crops  cannot  be  grown  year  after  year.  Where 
no  phosphorus  has  been  applied,  the  crops  have  removed  only  120  pounds  of 
phosphorus  in  the  thirteen  years,  which  is  equivalent  to  only  10  percent  of  the 
total  amount  (1,200  pounds)  present  in  the  surface  soil  at  the  beginning  of  the 
experiment  in  1902.  The  total  phosphorus  applied  from  1902  to  1914,  as  an 
average  of  all  plots  where  it  has  been  used,  has  amounted  to  325  pounds  per  acre 
and  has  cost  $32.50.  This  has  paid  back  $97.20,  or  300  percent  on  the  invest- 
ment ; whereas  potassium,  used  in  the  same  number  of  tests  and  at  the  same  cost, 
has  paid  back  only  $2.20  per  acre  in  the  thirteen  years,  or  less  than  7 percent 
of  its  cost.  Are  not  these  results  to  be  expected  from  the  composition  of  such 
soil  and  the  requirements  of  crops?  (See  Table  2,  page  5,  and  also  Table  A 
in  the  Appendix.) 

Nitrogen  was  applied  to  this  field,  in  commercial  form  only,  from  1902  to 
1905;  but  clover  was  grown  in  1906  and  1910,  and  a cover  crop  of  cowpeas  after 
the  clover  in  1906.  The  cowpeas  were  plowed  under  on  all  plots,  and  the  1910 


$186.76  $193.83  $286.61  $190.53  $285.03  $191.10  $294.91  $284.47 

Plate  6. — Crop  Values  for  Thirteen  Years,  Bloomington  Experiment  Field 
(R^residues;  P=phosphorus ; K=potassium,  or  kalium) 
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clover  (except  the  seed)  was  plowed  under  on  five  plots  (103,  106,  107,  109,  and 
110).  Straw  and  corn  stalks  have  also  been  returned  to  these  plots  in  recent 
years.  The  effect  of  returning  these  residues  to  the  soil  has  been  appreciable  since 
1910  (an  average  increase  on  Plots  106  and  109  of  4.5  bushels  of  wheat,  5.4  bushels 
of  corn,  and  4.3  bushels  of  oats)  and  probably  will  be  more  marked  on  subse- 
quent crops.  Indeed,  the  large  crops  of  corn,  oats,  and  wheat  grown  on  Plots 
104  and  108  during  the  thirteen  years  have  drawn  their  nitrogen  very  largely 
from  the  natural  supply  in  the  organic  matter  of  the  soil.  The-  roots  and  stubble 
of  clover  contain  no  more  nitrogen  than  the  entire  plant  takes  from  the  soil 
alone,  but  they  decay  rapidly  in  contact  with  the  soil  and  probably  hasten  the 
decomposition  of  the  soil  humus  and  the  consequent  liberation  of  the  soil  nitro- 
gen. But  of  course  there  is  a limit  to  the  reserve  stock  of  humus  and  nitrogen 
remaining  in  the  soil,  and  the  future  years  will  undoubtedly  witness  a gradually 
increasing  difference  between  Plots  104  and  106,  and  between  Plots  108  and  109, 
in  the  yields  of  grain  crops. 

Plate  6 shows  graphically  the  relative  values  of  the  thirteen  crops  for  the 
eight  comparable  plots,  Nos.  102  to  109.  The  cost  of  the  phosphorus  is  indicated 


Table  10. — Fertility  in  the  Soils  of  Lake  County,  Illinois 
Average  pounds  per  acre  in  4 million  pounds  of  subsurface  (about  6%  to  20  inches) 


Soil 

type 

No. 

Soil  type 

Total 

organic 

carbon 

Total 

nitro- 

gen 

Total 

phos- 

phorus 

Total  Total 
potas-  magne- 
sium | sium 

Total 

cal- 

cium 

Lime- 

stone 

present 

Soil 

acid- 

ity 

Upland  Prairie  Soils 

1226 

Brown  silt  loam 

91  050 

7 940 

1 960 

101  020  29  810 

19  310  j 

110 

1060 

Brown  sandy  loam 

4 280 

440 

1 000 

53  720  7 200 

12  080 | 

40 

Upland  Timber  Soils 


1234 

Yellow-gray  silt  loam. . . 

26 

090 

2 630 

1 300 

106  140 

31 

660 

14  190 

310 

1035 

Yellow  silt  loam 

23 

980 

2 720 

1 620 

136  020 

40 

600 

13  460 

60 

1064 

Yellow-gray  sandy  loam. 

18 

960 

2 040 

1 840 

71  040 

19 

920 

17  560 

160 

1064.4 

Yellow-gray  sandy  loam 

on  gravel  

10 

000 

680 

1 000 

69  640 

13 

920 

20  520 

40 

1281 

Dune  sand  

18 

520 

720 

1 160 

53  840 

14 

280 

18  040 

80 

1090 

Gravelly  loam  

16 

200 

1 760 

1 600 

66  560 

52 

600 

75  920 

255  400 

Terrace  Soils 


1527 

Brown  silt  loam  over 

gravel 

55  560 

4 760 

1 680 

78  440 

16  920 

14  880 

200 

1564.4 

Yellow-gray  sandy  loam 

on  gravel  

30  320 

2 400 

2 080 

86  880 

24  880 

15  160 

160 

1560.4 

Brown  sandy  loam  on 

gravel  

21  080 

2 200 

1 200 

82  440 

28  160 

36  240 

72  520 

1590.4 

Gravelly  loam  on  gravel. 

32  240 

2 840 

2 360 

77  880 

21  280 

19  200 

2 720 

Swamp  and  Bottom-Land  Soils 


1401 

Deep  peat  (slightly  de- 

composed moss)  

988 

560 

32  700 

1 000 

3 820 

7 640 

18  080 

1 

940 

1401 

Deep  peat  

535 

240 

66  050 

2 410 

8 180 

11  880 

53  010 

460 

1402 

Medium  peat  on  clay 

295 

140 

24  820 

2 140 

33  480 

18  500 

38  660 

3 860 

1402.2 

Medium  peat  on  sand 

388 

940 

25  020 

1 340 

15  200 

15  400 

35  760 

8 540 

1403 

Shallow  peat  on  clay . . . 

181 

560 

14  680 

2 160 

86  360 

80  880 

151  040 

440  800 

1410 

Peaty  loam  

40 

620 

3 760 

1 300 

52  460 

47  720 

79  200 

264  300 

1450 

Black  mixed  loam 

115 

760 

9 840 

2 600 

78  400 

24  920 

33  560 

4 400 

1454 

Mixed  loam  (bottom 

land)  

117 

340 

10  140 

3 320 

72  840 

94  240 

191  800 

Often 

1482 

Beach  sand 

6 

080 

240 

600 

32  280 

23  080 

36  400 

25  760 
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by  that  part  of  the  diagram  above  the  short  crossbars.  It  should  be  kept  in 
mind  that  no  value  is  assigned  to  clover  plowed  under  except  as  it  reappears  in 
the  increase  of  subsequent  crops.  Plots  106  and  109  are  heavily  handicapped 
because  of  the  clover  failure  on  those  plots  in  1906  and  the  poor  yield  of  clover 
seed  in  1910,  whereas  Plots  104  and  108  produced  a fair  crop  in  1906  and  a very 
large  crop  in  1910.  Plot  106,  which  receives  the  most  practical  treatment  for 
permanent  agriculture  (RLP),  has  produced  a total  value  in  thirteen  years  only 
$1.58  below  that  from  Plot  104  (LP).  (See  also  table  on  last  page  of  cover.) 


The  Subsurface  and  Subsoil 

In  Tables  10  and  11  are  recorded  the  amounts  of  plant  food  in  the  subsur- 
face and  the  subsoil  strata  of  the  Lake  county  soils,  but  it  should  be  remembered 
that  these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich.  Probably 
the  most  important  information  contained  in  these  tables  is  that  the  subsoils 
are  usually  rich  in  limestone.  This  fact  probably  accounts  for  the  moderate 
success  with  alfalfa  on  some  Lake  county  farms,  even  where  limestone  has  not 
been  applied.  If  alfalfa  is  given  a good  start  with  manure  or  by  a favorable 
season,  until  the  roots  reach  the  limestone  subsoil,  subsequent  addition  of  lime- 
stone to  the  plowed  soil  may  not  be  of  much  importance. 


Table  11. — Fertility  in  the  Soils  of  Lake  County,  Illinois 
Average  pounds  per  acre  in  6 million  pounds  of  subsoil  (about  20  to  40  inches) 


Soil 

typo 

No. 

Soil  type 

Total 

organic 

carbon 

Total 

nitro- 

gen 

Total  1 Total  1 Total 
phos-  I potas-  magne- 
phorus  | sium  ' sium 

Total 

cal- 

cium 

Lime- 

stone 

present 

Soil 

acid- 

ity 

Upland  Prairie  Soils 

1226 

1060 

Brown  silt  loam 

Brown  sandy  loam . . . 

33  940 
6 420 

3 350 
660 

2 480  158  810  167  400 
1 500  80  580  10  800 

[ 257  290 
! 18  120 

998  570 

60 

Upland  Timber  Soils 


1234 

Yellow-gray  silt  loam 

27  0801  2 970 

2 470 

157  500 

165  470 

261  330 

1 066  470 

1035 

Yellow  silt  loam 

22  380  14  700 

2 460 

178  710 

198  000 

263  940 

1 179  780 

1064.4 

Yellow-gray  sandy 

loam  on  gravel .... 

23  100  1 680 

2 340 

119  880 

45  060 

36  000 

60 

1281 

Dune  sand  

27  780  1 080 

1 740 

80  760 

21  420 

27  060 

120 

1090 

Gravelly  loam 

24  3001  2 640 

2 400 

99  840 

78  900 

113  880 

383  100 

Terrace  Soils 


1527  1 

Brown  silt  loam  over 

gravel  

29  040 

2 760 

2 220 

124  440 

42  180 

34  500 

32  220 

1560.4 

Brown  sandy  loam  on 

gravel  

12  960 

1 380 

2 520 

108  360 

176  880 

278  340 

1 232  460 

Swamp  and  Bottom-Land  Soils 


1401 

Deep  peat  (slightly  de- 

composed moss)  . . 

1 443  030 

48  870 

1 170 

6 060 

9 900 

30  600 

2 310 

1401 

Deep  peat 

1 269  080 

99  070 

3 620 

12  270 

17  820 

79  520 

690 

1402 

Medium  peat  on  clay. 

99  180 

6 840 

2 760 

165  780 

200  640 

323  040 

1 258  860 

1402.2 

Medium  peat  on  sand 

55  980 

3 000 

1 860 

34  860 

91  620 

153  840 

478  020 

1403 

Shallow  peat  on  clay. 

58  560 

3 360 

2 280 

127  260 

209  400 

589  860 

1 980  120 

1410 

Peaty  loam  

19  410 

1 260 

1 350 

85  050 

111  030 

183  510 

744  390 

1450 

Black  mixed  loam.  . . . 

43  620 

3 420 

1 980 

122  880 

57  060 

74  760 

183  840 

1454 

Mixed  loam  (bottom 

land) 

72  480 

5 730 

4 380 

112  470 

140  400 

349  710 

Often 

1482 

Beach  sand  

9 120 

360 

900 

48  420 

34  620 

54  600 

38  640 
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INDIVIDUAL  SOIL  TYPES 
(a)  Upland  Prairie  Soils 

The  upland  prairie  soils  of  Lake  county  cover  140.38  square  miles,  or  29.08 
percent  of  the  entire  area  of  the  county.  They  are  usually  quite  dark  in  color, 
owing  to  their  large  organic-matter  content.  They  occupy  the  less  rolling  and 
comparatively  level  land. 

Brown  Silt  Loam  (1026  and  1226) 

Brown  silt  loam  is  a very  important  and  somewhat  extensive  type  in  this 
county,  covering  an  area  of  137.50  square  miles,  or  28.48  percent  of  the  entire 
area  of  the  county.  It  occupies  much  of  the  less  rolling  land,  a considerable  pro- 
portion of  which  needs  artificial  drainage.  The  presence  of  kettle-holes  in  some 
places  makes  complete  drainage  rather  difficult ; and  small  ponds  are  frequently 
found.  Many  local  areas  of  yellow-gray  silt  loam,  sandy  loam,  and  peat,  too 
small  to  show  on  the  map,  are  also  interspersed. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam,  varying  from  a yel- 
lowish brown  on  the  more  rolling  areas  to  a dark  brown  or  black  on  the  more 
nearly  level  and  poorly  drained  tracts.  In  physical  composition  it  varies  to  some 
extent,  but  normally  contains  from  50  to  70  percent  of  the  different  grades  of 
silt.  The  clay  content,  as  well  as  the  organic-matter  content,  increases  as  the 
type  approaches  the  black  mixed  loam  (1450)  of  the  swampy  areas.  On  account 
of  the  complex  character  of  the  type,  the  amount  of  organic  matter  also  is  quite 
variable,  ranging  from  5.5  to  9.9  percent,  but  it  averages  about  7.6  percent,  or 
76  tons  per  acre.  Where  this  type  passes  into  the  yellow-gray  silt  loam,  the  con- 
tent of  organic  matter  becomes  much  lower  and  the  type  much  more  variable. 
The  slightly  higher  points,  perhaps  not  more  than  a fraction  of  an  acre  in  ex- 
tent, may  be  decidedly  gray  or  yellow,  while  the  lower  adjoining  parts  may  be 
quite  dark,  thus  giving  an  extremely  variable  phase  of  brown  silt  loam  impos- 
sible to  indicate  on  the  soil  map. 

The  subsurface  is  represented  by  a stratum  varying  from  6 to  15  inches  in 
thickness.  This  variation  is  due  to  changing  topography  and  the  effect  of  ero- 
sion, the  stratum  becoming  thinner  on  the  more  rolling  areas.  Less  organic  mat- 
ter has  accumulated  on  the  more  rolling  areas  than  on  the  more  nearly  level 
tracts,  and  to  a less  depth.  In  physical  composition  the  subsurface  varies  the 
same  as  the  surface  soil,  but  it  normally  contains  a slightly  larger  amount  of 
clay  and  a smaller  amount  of  organic  matter.  The  organic  matter  varies  from 
2.7  to  4.2  percent,  with  an  average  of  3.8  percent,  or  38  tons  per  acre,  or  half  as 
much  as  is  in  the  surface  soil.  In  color  the  subsurface  varies  from  a dark 
brown  or  almost  black  to  a light  yellowish  brown ; it  becomes  lighter  with  depth, 
passing  into  the  subsoil  at  from  12  to  22  inches. 

The  natural  subsoil  begins  12  to  22  inches  beneath  the  surface  and  extends 
to  an  indefinite  depth  but  is  sampled  to  40  inches.  It  varies  from  a yellow  to  a 
drabbish  yellow  clayey  material  sometimes  composed  of  boulder  clay,  or  drift. 
In  some  of  the  flat  areas  where  material  has  washed  in  from  the  higher  sur- 
rounding parts,  the  subsoil  to  a depth  of  40  inches  does  not  reach  the  boulder 
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clay.  In  many  cases  the  stratum  of  gravel  at  16  to  20  inches  interferes  with  the 
collecting  of  samples. 

Where  properly  drained,  brown  silt  loam  requires  only  the  addition  of  phos- 
phorus, limestone,  and  organic  manures  for  the  improvement  and  permanent 
maintenance  of  its  productive  power.  As  an  average,  phosphorus  is  present  in 
the  plowed  soil  of  an  acre  to  the  extent  of  1,400  pounds,  compared  with  about 
7,500  pounds  of  nitrogen  and  47,000  pounds  of  potassium,  altho  the  lighter 
phase,  as  where  the  type  is  much  worn,  contains  as  low  as  1,200  pounds  of  phos- 
phorus and  5,000  of  nitrogen.  No  long-continued  field  experiments  have  been 
conducted  by  the  University  on  this  type  of  soil  in  the  late  Wisconsin  glaciation, 
but  the  results  already  reported  from  the  fields  at  Urbana,  Sibley,  and  Blooming- 
ton (pages  9,  15,  and  17),  considered  together  with  the  composition  of  the  soil, 
leave  no  doubt  as  to  the  wisdom  of  adding  phosphorus  to  this  soil  and  of  the 
foolishness  of  spending  money  for  potassium. 

This  type  contains  no  limestone  to  a depth  of  20  to*  30  inches,  and  liberal 
use  of  this  material  should  prove  beneficial  for  clover  and  alfalfa,  even  tho  the 
lower  subsoil  usually  contains  abundance  of  limestone.  Farm  manures,  crop 
residues,  or  legume  crops  plowed  under  are  needed,  not  only  to  provide  nitrogen, 
but  also  to  give  activity  to  the  soil  for  the  liberation  of  plant  food  and  to  main- 
tain good  tilth,  or  good  physical  condition. 

Brown  Sandy  Loam  (1060  and  1260) 

Brown  sandy  loam  occupies  only  a small  area  in  the  county,  amounting  to 
2.88  square  miles,  1,844  acres,  or  .6  percent  of  the  entire  area. 

The  surface  soil,  0 to  6%  inches,  consists  of  a brown  sandy  loam  varying 
from  a light  or  yellowish  brown  to  a dark  brown  or  even  black  color.  The  areas 
in  the  western  part  of  the  country  are  of  the  lighter  colored  phase,  while  those 
in  the  eastern  part,  particularly  north  of  Waukegan,  partake  somewhat  of  the 
nature  of  peaty  loam  and  vary  toward  that  type. 

The  subsurface,  6%  to  18  or  20  inches,  consists  of  a brown  sandy  loam  vary- 
ing with  the  surface.  In  the  western  areas  it  is  quite  light  in  color,  varying  to 
yellow.  In  the  eastern  part  of  the  county,  it  is  somewhat  dark,  and  with  depth 
becomes  somewhat  gray  or  drab,  indicating  poorer  drainage  in  many  cases. 

The  subsoil  is  quite  variable,  in  some  places  passing  into  a yellowish  sand, 
in  others  into  a gravelly  till,  while  in  others  it  becomes  a drab  or  bluish-colored 
sand.  This  last  is  in  the  poorly  drained  areas. 

This  type  of  soil  requires  for  its  improvement  large  use  of  organic  matter. 
Being  loose  and  better  aerated  than  the  brown  silt  loam,  it  suffers  greater  loss 
of  that  constituent,  hence  greater  difficulty  is  found  in  maintaining  it.  Crop 
residues,  legume  crops,  and  manure  must  constitute  the  chief  materials  by  which 
the  organic-matter  content  is  maintained.  In  phosphorus  content,  • this  type  is 
the  poorest  in  the  county,  and  it  is  also  very  deficient  in  limestone.  While  the 
potassium  content  is  large  (25,000  pounds  per  acre  of  plowed  soil),  it  is  in  part 
locked  up  in  sand  grains ; hence,  if  satisfactory  yields  of  legumes  are  not  secured 
where  the  soil  is  well  drained  and  treated  with  limestone  and  phosphorus,  the 
addition  of  kainit  or  potassium  chlorid  may  well  be  tried. 
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(b)  Upland  Timber  Soils 

The  upland  forest  soils  are  deficient  in  organic  matter  owing  to  the  fact  that 
the  vegetable  material  from  trees  accumulates  upon  the  surface  and  is  either 
burned  or  suffers  almost  complete  decay.  Grasses  which  furnish  large  quantities 
of  humus-forming  roots  do  not  grow  to  any  large  extent  in  forests.  At  the  same 
time,  the  organic  matter  that  had  accumulated  before  timber  began  growing  on 
these  soils  is  being  removed  thru  various  decomposition  processes,  with  the  result 
that  the  content  has  become  too  low  for  best  growth. 

Yellow-Gray  Silt  Loam  (1034  and  1234) 

Yellow-gray  silt  loam  is  the  most  important  and  extensive  soil  type  in  Lake 
county.  It  is  very  irregularly  distributed,  but  occupies  mostly  the  rolling  mo- 
rainal areas.  This  type  covers  196.01  square  miles,  125,447  acres,  or  40.59  per- 
cent of  the  county.  It  varies  greatly  in  topography — from  the  characteristic  bil- 
lowy, or  knob-and-basin,  features  of  the  moraines  to  the  almost  level  morainal 
and  intermorainal  tracts. 

The  surface  soil,  0 to  6%  inches,  is  a gray  or  yellowish  gray  silt  loam,  inco- 
herent and  mealy,  but  not  granular.  The  physical  composition  varies  a great 
deal  because  of  the  removal  by  erosion  in  some  places  of  the  thin  covering  of 
loess,  thus  exposing  the  variable  drift.  Many  local  areas  of  sandy  or  gravelly 
loam  are  found  in  this  type,  but  they  are  too  small  to  be  shown  on  the  map. 
Likewise  many  small  areas  of  dark  soil  such  as  the  brown  silt  loam  or  black 
mixed  loam  are  found  in  the  slight  depressions;  these  are  also  too  small  to  be 
shown.  The  amount  of  organic  matter  contained  in  the  surface  soil  of  this  type 
varies  from  1.8  to  3.6  percent,  with  an  average  of  2.7,  or  27  tons  per  acre.  This 
wide  variation  is  due  to  the  relation  of  the  type  to  other  types,  the  content  of 
organic  matter  increasing  where  it  grades  into  brown  silt  loam  (1026  or  1226) 
and  decreasing  where  it  passes  into  yellow  silt  loam  (1035  or  1235).  In  some 
places  erosion  has  reduced  the  content  of  organic  matter  much  below  the  normal, 
so  that  many  small  areas  are  yellow  in  color. 

The  subsurface  stratum  varies  from  3 to  10  inches  in  thickness,  being  thin- 
ner on  the  more  rolling  areas.  In  color  it  is  gray,  grayish  yellow,  or  yellow,  some- 
what pulverulent,  but  becoming  more  coherent  and  plastic  with  depth.  On  some 
of  the  areas  a stratum  of  gravel  an  inch  or  two  in  thickness  is  encountered  at  a 
depth  of  10  to  24  inches.  This  is  formed  by  the  washing  out  of  the  fine  material 
from  the  surface  drift,  as  may  be  seen  on  the  surface  of  exposed  drift  at  the 
present  time.  It  has  subsequently  been  covered  with  a thin  deposit  of  loess. 
The  amount  of  organic  matter  is  very  low,  amounting  to  only  1.1  percent,  or 
22  tons  per  acre,  for  a stratum  13%  inches  in  thickness. 

The  subsoil  is  a yellow  to  a grayish  yellow  boulder  clay.  The  deeper  sub- 
soil contains  large  amounts  of  limestone  and  shows  brisk  effervescence  with 
hydrochloric  acid. 

In  the  management  of  this  yellow-gray  silt  loam,  one  of  the  most  essential 
points  is  the  maintenance  or  increase  of  the  organic  matter.  This  is  much  more 
necessary  with  this  type  than  with  the  brown  silt  loam,  because  this  soil  is  natur- 
ally much  more  deficient  in  that  constituent.  The  organic  matter  supplies  nitro- 
gen, liberates  mineral  plant  food,  prevents  running  together,  and  on  some  of  the 
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more  rolling  areas,  prevents  washing  as  well  as  gives  better  tilth  to  the  soil  under 
all  conditions. 

Another  essential  is  the  application  of  ground  limestone,  so  that  clover, 
alfalfa,  and  other  legumes  may  be  grown  more  successfully.  In  many  cases  where 
limestone  is  present  in  the  subsoil,  the  legume  crops  will  grow  very  well,  but  fre- 
quently their  growth  may  be  profitably  increased  by  the  application  of  2 to  5 
tons  per  acre  of  limestone.  Potassium  is  exceedingly  abundant  in  this  type  of 
soil,  while  phosphorus  is  markedly  deficient,  as  is  readily  seen  from  the  tabular 
statements,  which  are  well  supported  by  the  results  already  secured  from  the  soil 
experiment  field  conducted  for  many  years  by  the  University  of  Illinois  with  the 
helpful  cooperation  of  Mr.  D.  M.  White,  on  his  farm  near  Antioch  in  Lake 
county.  (See  Tables  3 and  4,  pages  7 and  8.) 

Yellow  Silt  Loam  (1035  and  1235) 

Yellow  silt  loam  is  found  chiefly  in  the  west,  quarter  of  the  county  where  the 
highest  part  of  the  Valparaiso  moraine  occurs.  The  type  here  is  not  due  pri- 
marily to  erosion,  as  in  most  parts  of  the  state,  but  to  the  irregularities  produced 
in  the  piling  up  of  the  morainic  material.  Basin-like  kettle-holes  are  found  vary- 
ing from  25  feet  or  less  to  75  and  possibly  100  feet  in  depth.  Rounded  knobs  are 
also  quite  characteristic  of  this  moraine.  The  area  of  this  type  amounts  to  38.5 
square  miles,  24,639  acres,  or  8 percent  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  or  yellowish  gray  silt  loam, 
usually  containing  some  sand  and  gravel.  This  stratum  is  usually  formed  from 
drift  material,  the  loess,  if  there  ever  was  any,  having  been  removed  by  erosion. 
Owing  to  its  derivation,  the  stratum  varies  a great  deal  in  physical  composition. 
The  organic-matter  content  averages  about  1.8  percent. 

The  subsurface  is  composed  of  yellow  drift  material,  as  is  also  the  subsoil. 

One  of  the  best  ways  to  manage  this  type  is  to  keep  it  in  permanent  pasture. 
As  a rule,  it  cannot  be  satisfactorily  cropped  in  ordinary  rotations,  altho  it  may 
be  used  very  successfully  for  long  rotations  with  much  pasture  or  meadow. 

Where  this  soil  has  been  long  cultivated  and  thus  exposed  to  surface  wash- 
ing, it  is  particularly  deficient  in  nitrogen ; indeed,  on  such  lands  the  low  supply 
of  nitrogen  is  the  factor  that  first  limits  the  growth  of  grain  crops.  This  fact  is 
very  strikingly  illustrated  by  the  results  from  two  pot-culture  experiments  re- 
ported in  Tables  12  and  13,  and  illustrated  in  Plates  7 and  8. 

In  one  experiment,  a large  quantity  of  the  typical  worn  hill  soil  was  col- 
lected from  two  different  places.1  Each  lot  of  soil  was  thoroly  mixed  and  put 
in  ten  four- gallon  jars.  Ground  limestone  was  added  to  all  the  jars  except  the 
first  and  last  in  each  set,  those  two  being  retained  as  control  or  check  pots.  The 
elements  nitrogen,  phosphorus,  and  potassium  were  added  singly  and  in  com- 
bination, as  shown  in  Table  12. 

As  an  average,  the  nitrogen  applied  produced  a yield  about  eight  times  as 
large  as  that  secured  without  the  addition  of  nitrogen.  While  some  variations 
in  yield  are  to  be  expected,  because  of  differences  in  the  individuality  of  seed  or 
other  uncontrolled  causes,  yet  there  is  no  doubting  the  plain  lesson  taught  by 
these  actual  trials  with  growing  plants. 

^oil  for  wheat  pots  from  loess-covered  unglaciated  area,  and  that  for  oat  pots  from 
upper  Illinois  glaciation. 
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The  question  arises  next,  Where  is  the  farmer  to  secure  this  much-needed 
nitrogen  ? To  purchase  it  in  commercial  fertilizers  would  cost  too  much ; indeed, 
under  average  conditions  the  cost  of  the  nitrogen  in  such  fertilizers  is  greater 
than  the  value  of  the  increase  in  crop  yields. 

But  there  is  no  need  whatever  to  purchase  nitrogen,  for  the  air  contains  an 
inexhaustible  supply  of  it,  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.  Clover,  alfalfa,  cow- 
peas,  and  soybeans  are  not  only  worth  raising  for  their  own  sake,  but  they  have 
the  power  to  secure  nitrogen  from  the  atmosphere  if  the  soil  contains  the  essen- 
tial minerals  and  the  proper  nitrogen-fixing  bacteria. 

In  order  to  secure  further  information  along  this  line,  another  experiment 
with  pot  cultures  was  conducted  for  several  years  with  the  same  type  of  worn  hill 
soil  as  that  used  in  the  former  experiment.  The  results  are  reported  in  Table  13. 

To  three  pots  (Nos.  3,  6,  and  9)  nitrogen  was  applied  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  the  crops  produced.  In 
three  other  pots  (Nos.  2,  11,  and  12)  a crop  of  cowpeas  was  grown  during  the 
late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were  planted. 


Plate  7. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  12) 

Table  12. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn 

Hill  Land 
(Grams  per  pot) 


Pot 

No. 

Soil  treatment  applied 

Wheat 

Oats 

1 

o 

o 

5 

2 

Limestone 

4 

4 

3 

Limestone,  nitrogen 

26 

45 

4 

Limestone,  phosphorus 

3 

6 

5 

Limestone,  potassium : 

3 

5 

6 

Limestone,  nitrogen,  phosphorus 

34 

3S 

7 

Limestone,  nitrogen,  potassium. 

33 

46 

8 

Limestone,  phosphorus,  potassium 

2 

5 

9 

Limestone,  nitrogen,  phosphorus,  potassium 

34 

38 

10 

3 

5 

Average  yield  with  nitrogen 

32 

42 

Average  yield  without  nitrogen 

3 

5 

Average  gain  for  nitrogen 

29 

37 
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Pots  1 and  8 served  for  important  comparisons.  After  tlie  second  cover  crop  of 
cowpeas  had  been  turned  under,  the  yield  from  Pot  2 exceeded  that  from  Pot  3 ; 
and  in  the  subsequent  years  the  legume  green  manures  produced,  as  an  average, 
rather  better  results  than  the  commercial  nitrogen.  This  experiment  confirms 
that  reported  in  Table  12,  in  showing  the  very  great  need  of  nitrogen  for  the 
improvement  of  this  type  of  soil,  and  it  also  shows  that  nitrogen  need  not  be 
purchased  but  that  it  can  be  obtained  from  the  air  by  growing  legume  crops  and 
plowing  them  under  as  green  manure.  Of  course  the  soil  can  be  very  markedly 
improved  by  feeding  the  legume  crops  to  live  stock  and  returning  the  resulting 
farm  manure  to  the  land,  if  legumes  are  grown  frequently  enough  and  if  the  farm 
manure  produced  is  sufficiently  abundant  and  is  saved  and  applied  with  care. 

As  a rule,  it  is  not  advisable  to  try  to  enrich  this  type  of  soil  in  phosphorus, 
for  with  the  erosion  that  is  sure  to  occur  to  some  extent  the  phosphorus  supply 
will  be  renewed  from  the  subsoil. 

One  of  the  most  profitable  crops  to  grow  on  this  land  is  alfalfa.  To  get 
alfalfa  well  started  may  require  the  use  of  limestone,  thoro  inoculation  with 
nitrogen-fixing  bacteria,  and  a moderate  application  of  farm  manure.  If  manure 
is  not  available,  it  is  well  to  apply  about  500  pounds  per  acre  of  acid  phosphate 
or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if  possible,  and  then  plow 
it  under.  The  limestone  (if  needed)  should  be  applied  after  plowing  and  should 
be  mixed  with  the  surface  soil  in  the  preparation  of  the  seed  bed.  The  special 


Plate  8. — Wheat  in  Pct-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  13) 

Table  13. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill 
Land  and  Nitrogen-Fixing  Green  Manure  Crops 


(Grams  per  pot) 


Pot 
No.  ; 

Soil  treatment 

1903  | 
■Wheat 

1904 

Wheat 

1905 

Wheat 

1906 

Wheat 

1907 

Oats 

l 

None  ! 

5 

4 

4 

4 

6 

2 

Limestone,  legume  

10 

17 

26 

19 

37 

11 

Limestone,  legume,  phosphor  us  

14 

19 

20 

18 

27 

12 

Limestone,  legume,  phosphorus,  potassium.  . 

16 

20 

21 

19 

30 

3| 

Limestone,  nitrogen  

17 

14 

15 

9 

28 

6 

Limestone,  nitrogen,  phosphorus  

26 

20 

18 

18 

30 

9 

Limestone,  nitrogen,  phosphorus,  potassium 

31 

34 

21 

20 

26 

8 

Limestone,  phosphorus,  potassium  

3 

3 

5 

3 

7 

1915 ] 


Lake  County 


29 


purpose  of  this  treatment  is  to  give  the  alfalfa  a quick  start  in  order  that  it  may 
grow  rapidly  and  thus  protect  the  soil  from  washing. 

Yellow-Gray  Sandy  Loam  (1064) 

Yellow-gray  sandy  loam  occupies  only  small  areas  in  Lake  county,  amount- 
ing to  488  acres.  It  is  practically  all  found  in  the  western  part  in  the  most 
broken  of  the  morainal  ridges. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  or  grayish  yellow  sandy  loam, 
frequently  containing  from  15  to  25  percent  of  gravel.  In  some  small  areas  this 
gravel  may  be  absent ; its  presence  is  due  to  the  fact  that  the  soil  is  made  of  a 
sandy  till.  The  organic-matter  content  is  1.8  percent,  or  about  18  tons  per  acre. 

The  subsurface  stratum,  from  3 to  8 inches  in  thickness,  differs  from  the 
surface  in  being  of  a lighter  color,  owing  to  the  smaller  amount  of  organic  mat- 
ter present,  about  .3  percent.  At  a depth  of  about  12  to  16  inches  on  much  of 
this  type,  a stratum  of  gravelly  material  exists  thru  which  it  is  practically  im- 
possible to  bore  with  an  auger. 

The  subsoil  varies  from  a somewhat  gravelly  till  to  almost  pure  sand. 

For  the  improvement  of  this  type,  the  addition  of  organic  matter  and  nitro- 
gen is  very  essential,  and  limestone  should  be  applied  liberally  for  the  best  re- 
sults with  legumes.  The  porous  subsoil  affords  such  a deep  feeding  range  for 
plant  roots  that  the  addition  of  phosphorus  is  not  likely  to  be  necessary  or  profit- 
able. 

Yellow-Gray  Sandy  Loam  on  Gravel  (1064.4) 

Yellow- gray  sandy  loam  on  gravel  occurs  only  in  the  northwestern  part  of 
the  county,  and  there  in  limited  areas.  The  type  differs  but  little  from  yellow- 
gray  sandy  loam  except  that  it  contains  much  more  gravel  in  the  subsoil  and  for 
that  reason  is  less  desirable.  It  occupies  1.48  square  miles,  or  .3  percent  of  the 
entire  area  of  the  county.  The  stratum  of  gravel  varies  a great  deal,  both  as  to 
depth  and  physical  composition.  In  depth  it  varies  from  12  to  30  inches;  in 
composition  it  is  sandy,  or  a sand  in  some  places,  and  in  others  a mixture  of 
sand,  gravel,  and  small  stones  not  over  two  inches  in  diameter. 

The  management  of  this  type  should  be  the  same  as  for  the  yellow-gray 
sandy  loam.  Alfalfa  does  fairly  well  on  this  type,  and  sweet  clover  would  do 
equally  well. 

Dune  Sand  (1081  and  1281) 

Dune  sand  is  found  in  the  vicinity  of  Fox  Lake,  and  also  along  the  old  lake 
shore  north  of  Waukegan.  It  covers  1.47  square  miles.  Its  presence  is  due  to 
the  action  of  wind,  and  possibly  the  waves,  in  piling  the  sand  up  from  the  lake 
shore.  The  surface  soil  contains  about  2.25  percent  of  organic  matter,  while  the 
subsurface  has  about  .8  percent. 

In  the  management  of  this  type,  limestone  should  be  applied  and  legume 
crops  should  be  prominent  in  the  rotation  unless  large  amounts  of  organic  mat- 
ter can  be  added  in  some  other  form.  The  only  other  addition  suggested  is  potas- 
sium, but  this  should  not  be  applied  on  a large  scale  unless  found  profitable  by 
careful  trial  on  small  areas. 
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For  results  from  field  experiments  on  sand  soil,  see  pages  246  to  249  of 
Bulletin  123  of  this  station.1  In  the  experiments  there  described  (conducted  in 
Tazewell  county),  the  average  value  of  the  increase  per  acre  per  annum  was 
$12.12  from  nitrogen,  $2.96  from  potassium  (costing  $2.50),  and  4 cents  from 
phosphorus,  the  order  of  crops  being  corn,  corn,  oats,  wheat,  corn,  corn.  The 
nitrogen  applied  cost  $15  in  commercial  form,  but  of  course  by  growing  legume 
crops,  which  are  worth  raising  for  their  own  sake,  that  element  may  be  secured 
from  the  air  without  cost. 

Gravelly  Loam  (1090  and  1290) 

Gravelly  loam  occurs  principally  in  the  morainal  regions  of  the  northwest 
part  of  the  Lake  county,  altho  some  small  areas  are  found  in  other  parts.  The 
total  area  aggregates  611  acres,  or  .2  percent  of  the  area  of  the  county. 

The  surface  soil  is  composed  of  a large  amount  of  gravel,  in  many  cases 
amounting  to  60  or  70  percent.  Occasionally  small  stones  an  inch  or  two  in 
diameter  are  found  mixed  with  the  gravel.  The  organic-matter  content  amounts 
to  approximately  3 percent,  or  30  tons  per  acre.  The  subsurface  soil  contains 
about  one-fourth  as  much  as  the  surface. 

This  type  is  of  very  little  agricultural  significance.  The  treatment  recom- 
mended is  the  same  as  that  for  yellow-gray  sandy  loam  (1064).  It  may  well  be 
left  in  permanent  pasture. 

(c)  Terrace  Soils 

Terrace  soils  occur  along  streams  and  were  formed  at  a time  when  the 
streams  were  much  larger  than  at  present  and  carried  large  amounts  of  coarse 
material,  such  as  sand  and  gravel.  This  overloading  of  the  streams  caused 
deposition  along  their  courses  which  resulted  in  the  formation  of  terraces,  bench 
lands,  or  second  bottom  lands.  Fine  material,  later  deposited  over  this  sand  and 
gravel,  forms  the  present  soil. 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  is  found  along  the  Des  Plaines  river  near  the 
southern  part  of  the  county  where  the  stream  formed  its  widest  terrace.  The 
deposit  of  gravel  here  is  not  very  deep,  but  it  furnishes  a very  effective  means 
for  the  natural  drainage  of  these  areas.  This  type  occupies  1.85  square  miles. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam,  with  some  sand,  but 
rarely  containing  enough  to  make  it  a sandy  loam.  The  average  amount  of 
organic  matter  present  is  5.4  percent,  or  54  tons  per  acre. 

The  subsurface  soil  consists  of  a brown  silt  loam,  becoming  yellow  at  about 
16  inches  and  passing  into  the  subsoil  at  a depth  of  18  inches.  The  subsurface 
stratum  contains  about  2.5  percent  of  organic  matter. 

The  subsoil  varies  a great  deal,  in  some  cases  containing  a considerable 
amount  of  sand  and  fine  gravel.  It  is  generally  a yellow  clayey  silt,  pervious, 
and  well  drained.  The  depth  to  the  gravel  varies  from  38  to  48  inches.  It  con- 
sists of  a mixture  of  medium  and  fine  gravel  with  some  coarse  sand. 

This  type  requires  practically  the  same  management  as  the  brown  silt  loam, 


1Bulletin  123  may  be  had  from  the  Experiment  Station  upon  request. 
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altho  in  some  cases  there  may  be  more  need  of  organic  matter  than  in  some  phases 
of  the  brown  silt  loam.  Alfalfa  should  do  well  on  this  type. 

Yellow-Gray  Sandy  Loam  on  Gravel  (1564.4) 

Yellow-gray  sandy  loam  on  gravel  occurs  only  along  the  Des  Plaines  river 
and  is  limited  largely  to  the  east  side  of  this  stream.  The  total  area  is  2.25 
square  miles. 

The  surface  soil,  0 to  6%  inches,  varies  in  color  from  a yellow  to  a gray,  and 
in  texture  from  a loam  to  a sand.  These  variations  are  so  limited  in  area  and 
so  badly  mixed  that  it  is  impossible  to  represent  them  on  the  map.  In  some 
places  there  are  slight  ridges  that  indicate  low  dunes;  these  give  rise  to  a very 
sandy  phase. 

The  subsurface  stratum  is  as  variable  as  the  surface.  In  small  areas  the 
subsurface  is  a sandy  clay  or  sandy  clay  loam,  while  in  others  it  is  a yellow  sand. 
The  organic-matter  content  of  the  subsurface  is  higher  in  the  more  silty  or  clayey 
parts,  but  in  the  more  sandy  phase  it  contains  almost  no  organic  matter. 

The  subsoil  varies  in  different  parts  of  the  Des  Plaines  valley.  In  the  north- 
ern part  it  is  decidedly  gravelly,  while  in  the  southern,  sand  prevails.  The  depth 
to  the  sand  or  gravelly  stratum  varies  from  over  30  inches  in  many  places  to 
less  than  15  inches  in  others. 

In  the  southern  half  of  the  county  this  type  is  not  under  cultivation,  but  is 
almost  entirely  covered  with  a young  growth  of  forest  trees.  Where  it  is  under 
cultivation,  the  treatment  should  be  about  the  same  as  for  the  yellow-gray  silt 
loam,  except  as  regards  phosphorus.  With  the  porous  character  of  the  soil  and 
subsoil,  and  the  extensive  feeding  range  thus  afforded  plants,  the  supply  of  phos- 
phorus naturally  contained  in  this  soil  should  be  adequate  for  large  crops. 

Brown  Sandy  Loam  on  Gravel  (1560.4) 

Brown  sandy  loam  on  gravel  is  found  principally  along  the  Des  Plaines 
river  and  is  similar  to  yellow-gray  sandy  loam  on  gravel  except  that  the  forests 
that  have  recently  grown  up  here  have  not  reduced  the  organic-matter  content 
to  such  a low  amount.  Part  of  the  type  in  the  southern  part  of  the  county  has 
never  been  covered  with  forest.  In  topography  the  type  shows  a slight  ridging, 
due  to  the  action  of  wind  in  forming  sand  dunes  or  of  the  water  in  forming  bars. 
The  total  area  is  2.4  square  miles,  or  .5  percent  of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  varies  in  color  from  a light  to  a dark  brown, 
almost  black,  and  in  texture  from  a loam  to  a sandy  loam. 

The  subsurface  soil  is  a light  brown  loam  to  sandy  loam,  having  a thickness 
of  5 to  12  inches  with  an  average  of  9 to  10  inches.  It  passes  into  the  gravelly, 
sandy  subsoil,  which  is  made  up  of  medium  and  fine  gravel,  mixed  with  more  or 
less  coarse  sand.  The  depth  of  the  gravel  from  the  surface  varies  from  14  to  30 
inches  and  even  more  in  small  local  areas.  The  bed  of  gravel  itself  is  probably 
not  over  20  feet  in  depth  in  any  place,  and  toward  the  southern  part  of  the 
county  it  is  much  less  than  that.  In  many  places  it  is  being  taken  out  for  use 
on  roads.  The  presence  of  gravel  in  the  subsoil  gives  excellent  drainage  to  this 
type,  and  in  seasons  of  drouth,  the  crops  may  suffer  because  of  lack  of  moisture. 

Only  the  ordinary  crops,  as  a rule,  are  grown  on  this  type,  but  it  is  fairly 
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well  adapted  to  the  growth  of  alfalfa  and  deep-rooting  crops.  Manure,  crop 
residues,  or  legume  crops  should  be  turned  under  in  order  to  maintain  the  or- 
ganic matter  and  nitrogen,  but  the  addition  of  phosphorus  is  not  likely  to  be 
profitable. 

Gravelly  Loam  on  Gravel  (1590.4) 

Gravelly  loam  on  gravel  covers  one  area  of  179  acres  in  Section  22,  Town 
46  North,  Range  11  East. 

The  surface  soil,  0 to  6%  inches,  consists  of  a brown,  gravelly  loam,  the 
gravel  present  amounting  to  60  to  75  percent.  The  content  of  organic  matter  is 
about  3 percent.  The  subsurface  stratum  contains  even  a larger  amount  of  gravel 
than  the  surface,  with  a proportionately  smaller  amount  of  organic  matter.  A 
sample  could  not  be  obtained  to  a depth  of  more  than  20  inches.  The  subsoil  con- 
sists of  various  grades  of  gravel  mixed  with  a few  small  stones. 

This  is  a very  poor  type  of  soil,  owing  to  the  fact  that  it  does  not  have  much 
power  for  retaining  moisture  in  times  of  drouth,  and  the  plant  food  leaches  out 
readily.  The  liberal  use  of  legume  crops  and  organic  manures  is  advised. 

(d)  Swamp  and  Bottom-Land  Soils 
Deep  Peat  (1401) 

Deep  peat  is  found  in  nearly  all  parts  of  Lake  county,  occurring  on  the  old 
beach  of  Lake  Michigan,  in  the  bottom  lands  of  the  streams,  in  the  depressions 
of  the  moraines,  and  around  the  margins  of  many  of  the  lakes.  The  total  area 
is  38.1  square  miles,  24,382  acres,  or  7.89  percent  of  the  area  of  the  county.  The 
deep  peat  is  formed  by  the  growth  of  both  grasses  and  mosses.  In  one  area  in 
Section  35,  Town  46  North,  Range  10  East,  the  peat  was  found  to  be  forming 
entirely  by  the  accumulation  of  the  sphagnum  moss,  independent  of  the  growth 
of  grasses ; in  other  areas,  both  grasses  and  mosses  contribute  to  the  deposit. 

The  surface  soil,  0 to  6%  inches,  is  a black  or  brown  peat,  more  or  less  de- 
composed. The  drained  areas  have  undergone  greater  decomposition  because  of 
better  aeration,  while  the  moss-covered  or  grass-covered  peat  of  the  undrained 
areas  has  changed  but  little.  The  content  of  organic  matter  varies  from  61  to  77 
percent,  with  an  average  of  70.5  percent. 

The  subsurface  soil,  6%  to  20  inches,  consists  of  black  or  brown  peat  that 
usually  shows  the  texture  of  the  material  from  which  it  was  produced. 

The  subsoil,  from  20  to  40  inches,  is  usually  a brown  peat,  altho  in  some 
small  areas  sand  or  silty  material  may  form  the  subsoil  below  30  inches.  This 
latter  phase  is  almost  invariably  drab  in  color,  due  to  deoxidation  bv  organic 
acids. 

Because  of  lack  of  drainage,  this  type  of  soil  in  Lake  county  has  not  been 
largely  cultivated,  except  in  the  small  areas.  It  does,  however,  supply  a large 
amount  of  hay  that  is  used  to  a considerable  extent  for  packing  ice  in  the  large 
ice  houses  on  the  shores  of  the  lakes.  As  a rule,  it  is  not  desirable  to  attempt  to 
drain  this  type  by  means  of  tiles  unless  they  can  be  laid  deep  enough  to  place 
them  in  the  clayey  or  silty  subsoil.  Tiles  laid  in  peat  soon  get  out  of  line. 

As  shown  in  Table  2,  deep  peat  contains  in  one  million  pounds  of  surface 
soil  about  32,000  pounds  of  nitrogen,  1,500  pounds  of  phosphorus,  and  3,900 
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pounds  of  potassium.  This  shows  in  the  surface  6%  inches  of  an  acre  nearly  five 
times  as  much  nitrogen  as  the  brown  silt  loam  prairie.  In  phosphorus  content 
these  two  soil  types  are  about  equal,  but  the  peat  contains  less  than  one-tenth  as 
much  potassium  as  the  brown  silt  loam.  Thus  the  total  supply  of  potassium  in 
the  peat  to  a depth  of  7 inches  (3,900  pounds)  would  be  equivalent  to  the  potas- 
sium requirement  (73  pounds)  of  a hundred-bushel  crop  of  corn  for  only  53 
years ; or  if  the  equivalent  of  only  one-fourth  of  one  percent  of  this  is  annually 
available,  in  accordance  with  the  rough  estimate  suggested  in  Bulletin  123,  then 
about  10  pounds  of  potassium  would  be  liberated  annually,  or  sufficient  for  about 
14  bushels  of  corn  per  acre. 

In  Table  14  are  given  all  results  obtained  from  the  Manito  (Mason  county) 
experiment  field  on  deep  peat,  which  was  begun  in  1902  and  discontinued  after 
1905.  The  plots  in  this  field  were  one  acre1  each  in  size,  2 rods  wide  and  80  rods 
long.  Untreated  half-rod  division  strips  were  left  between  the  plots,  which,  how- 
ever, were  cropped  the  same  as  the  plots. 

The  results  of  four  years’  tests,  as  given  in  Table  14,  are  in  complete  har- 
mony with  the  information  furnished  by  the  chemical  composition  of  peat  soil 
as  compared  with  that  of  ordinary  normal  soils.  Where  potassium  was  applied, 
the  yield  was  from  three  to  four  times  as  large  as  where  nothing  was  applied. 
Where  approximately  equal  money  values  of  kainit  and  potassium  chlorid  were 
applied,  slightly  greater  yields  were  obtained  with  the  potassium  chlorid,  which, 
however,  supplied  about  one-third  more  potassium  than  the  kainit.  On  the  other 
hand,  either  material  furnished  more  potassium  than  was  required  by  the  crops 
produced. 

The  use  of  700  pounds  of  sodium  chlorid  (common  salt)  produced  no  appre- 
ciable increase  over  the  best  untreated  plots,  indicating  that  where  potassium  is 
itself  actually  deficient,  salts  of  other  elements  cannot  take  its  place. 

Applications  of  2 tons  per  acre  of  ground  limestone  produced  no  increase  in 
the  corn  crops,  either  when  applied  alone  or  in  combination  with  kainit,  either 
the  first  year  or  the  second. 


Table  14. — Corn  Yields  in  Soil  Experiments,  Manito  Field;  Typical  Deep  Peat  Soil 

(Bushels  per  acre) 


Plot  Soil  treatment 

No.  for  1902 

1 None 

2 None 


Kainit,  600  lbs 


\ Kainit,  600  lbs I 

I Acidulat  ’d  bone,  350  lb.  ( 
Potassium  chlorid, 


6 

~T 

8 

9 

To 


200  lbs 

Sodium  chlorid,  700  lbs. 

Sodium  chlorid,  700  lbs. 

Kainit,  600  lbs 

Kainit,  300  lbs 

None 


Corn 

1902 

Corn 

1903 

Soil  treatment 
for  1904 

Corn 

1904 

Corn 

1905 

Four 

crops 

10.9 

10.4 

87iT 

10.4 

None 

Limestone,  4000  lbs .... 

17.0 

12.0 

12.0 

10.1 

48.0 

42.9 

30.4 

30.3 

31.2 

32.4 

33.3 

33.9 

) Limestone,  4000  lbs . . ) 

1 Kainit,  1200  lbs i 

i Kainit,  1200  lbs ( 

} Steamed  bone,  395  lbs.  \ 
Potassium  chlorid, 

400  lbs 

49.6 

53.5 

48.5 

47.3 

47.6 

52.7 

159.7 

164.7 
166.3 

11.1 

13.1 

None 

24.0 

22.1 

70.3 

13.3 

14.5 

Kainit,  1200  lbs 

44.5 

~4L3~ 

36.8 

37.7 

Kainit,  600  lbs 

44.0 

46.0 

164.5 

26.4 

25.1 

Kainit,  300  lbs 

41.5 

32.9 

125.9 

14.91 

14.9 

None 

26.0 

“PUT 

69.4* 

Estimated  from  1903;  no  yield  was  taken  in  1902  because  of  a misunderstanding. 


xIn  1904  the  yields  were  taken  from  quarter-acre  plots  because  of  severe  insect  injury  on 
the  other  parts  of  the  field. 
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Reducing  the  application  of  kainit  from  600  to  300  pounds  for  each  two- 
year  period,  reduced  the  yield  of  corn  from  164.5  to  125.9  bushels.  The  two 
applications  of  300  pounds  of  kainit  (Plot  9)  furnished  60  pounds  of  potassium 
for  the  four  years,  an  amount  sufficient  for  84  bushels  of  corn  (grain  and  stalks). 
Attention  is  called  to  the  fact  that  this  is  practically  the  difference  between  the 
yield  of  Plot  9 (125.9  bushels)  and  the  yield  obtained  from  Plot  2 (42.9  bushels), 
the  poorest  untreated  plot. 

Medium  Peat  on  Clay  (1402) 

Medium  peat  on  clay  occurs  in  low,  swampy  areas,  where  the  peat  has  not 
developed  to  a greater  thickness  than  30  inches.  The  total  area  is  640  acres, 
equivalent  to  1 square  mile,  or  .21  percent  of  the  area  of  the  county. 

The  surface,  0 to  6%  inches,  is  a brown  or  black  peat,  the  decomposition 
varying  with  cultivation  and  drainage. 

The  subsurface,  from  6%  inches  to  the  depth  of  the  peat,  is  usually  a 
brownish  peat  that  has  not  undergone  a great  amount  of  decomposition.  In  the 
classification  used  by  this  station,  medium  peat  extends  from  12  to  30  inches  in 
depth,  and  in  most  areas  the  subsurface  is  usually  taken  as  extending  to  the  silty, 
clayey,  or  sandy  layer.  This  gives  a large  variation  in  the  thickness  of  the  sub- 
surface, but  it  is  sampled  to  a depth  of  20  inches. 

The  subsoil  in  this  type  consists  of  a silty  clay  and  almost  invariably  is  of 
light  drab  or  bluish  color,  owing  to  deoxidation  of  iron  by  organic  acids. 

The  treatment  advised  for  this  type  is  the  same  as  for  deep  peat  (1401),. 
but  thoro  trials  should  be  made  with  potassium  in  advance  of  extensive  use. 
Drainage  is  an  easier  matter  because  tile  may  usually  be  placed  in  the  clay. 

Medium  Peat  on  Sand  (1402.2) 

Medium  peat  on  sand  is  found  only  on  the  old  beach  of  Lake  Michigan  north 
of  Waukegan,  and  here  in  very  limited  areas  large  enough  to  map.  The  total 
area  is  284  acres. 

The  surface  soil,  0 to  6%  inches,  is  a brownish,  somewhat  decomposed  peat 
mixed  with  more  or  less  sand. 

The  subsurface  extends  to  a depth  of  12  to  20  inches,  passing  into  a drab- 
colored  sand  that  continues  to  an  indefinite  depth.  Practically  none  of  this  is 
under  cultivation,  altho  some  of  it  is  used  for  pasture.  Potassium  is  the  only 
material  suggested  for  trial  applications. 

Shallow  Peat  on  Clay  (1403) 

Shallow  peat  on  clay  occurs  in  small  areas  on  the  upland  and  is  usually 
not  very  uniform.  The  total  area  is  371  acres. 

The  surface  soil,  0 to  6%  inches,  consists  of  a dark,  peaty  material  mixed 
with  more  or  less  sand,  silt,  or  clay.  It  varies  from  pure  peat  to  a very  black 
silt  or  clay  loam.  Very  few  of  these  areas  are  under  cultivation,  but  are  mostly 
iq  pasture.  The  tramping  of  cattle  has  produced  hummocks,  which  vary  in 
height  from  4 to  12  inches.  An  illustration  of  these  is  shown  in  Plate  9. 

The  subsurface  soil  is  usually  a brown  silt  loam,  changing  into  a drab  or 
bluish  color  at  12  to  16  inches  in  depth. 
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The  subsoil  is  of  the  mottled  drabbish  or  yellowish  color  and  usually  con- 
tains some  fragments  of  limestone.  Alkali  patches  are  of  frequent  occurrence. 

The  first  requirement  of  this  type  is  good  drainage.  Where  the  surface  is 
deficient  in  potassium,  deeper  plowing  will  bring  abundance  of  it  from  the  sub- 
surface to  be  incorporated  with  the  plowed  soil. 

Peaty  Loam  (1410) 

Peaty  loam  is  found  in  small  areas  in  the  depressions  on  the  high  terrace  of 
Lake  Michigan  in  the  northeast  part  of  the  county.  There  is  also  one  larger  area 
in  a broad  valley  west  of  Lake  Bluff.  The  total  area  is  not  large,  amounting  to 
only  2.35  square  miles,  or  .49  percent  of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a black,  peaty  loam.  The  amount  of 
organic  matter  and  sand  varies  in  different  areas,  the  organic  matter  varying 
from  10  to  25  percent  or  even  more. 

The  subsurface  soil  is  quite  variable.  In  some  areas  it  is  a drabbish  or 
bluish  sand  mixed  with  a variable  amount  of  organic  matter;  in  others  it  is  a 
brown  sandy  loam ; while  in  others  it  is  clayey  or  silty. 

The  subsoil  varies  from  a sand  to  a sand  containing  a considerable  amount 
of  silt  and  clay. 

The  first  requirement  of  this  type  is  good  drainage.  Some  areas  may  re- 
quire the  application  of  potassium  in  order  to  produce  well.  This  is  true  espe- 
cially of  those  areas  where  the  soil  contains  little  or  no  clay.  Alkali  is  frequently 
present  in  sufficient  quantities  to  do  great  injury  to  crops,  more  particularly  to 


Plate  9. — Hummocks  on  “Bog”  Land 
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corn.  The  alkali  consists  chiefly  of  harmless  carbonate  (limestone)  with  smaller 
amounts  of  injurious  magnesium  carbonate. 

In  some  cases  these  peaty  soils  actually  contain  a good  percentage  of  total 
potassium,  more  commonly  in  the  subsurface  or  subsoil  but  sometimes  in  the  sur- 
face soil  also ; and  yet  the  untreated  soil  may  be  unproductive,  while  the  addition 
of  potassium  salts  may  produce  large  and  very  profitable  increases  in  the  yield 
of  corn,  oats,  etc.  In  pot-culture  experiments  we  have  even  been  able  by  the 
addition  of  potassium  sulfate  to  correct  to  a considerable  extent  the  injurious 
property  of  magnesium  carbonate  that  has  been  purposely  applied  to  ordinary 
brown  silt  loam  prairie  soil  known  to  contain  abundance  of  available  potassium. 
These  facts  are  mentioned  here  because  the  Experiment  Station  recom- 
mends, tentatively,  the  application  of  potassium  salt  to  all  classes  of  peaty  and 
alkali  soils  that  are  unproductive  after  being  well  drained,  whenever  the  supply 
of  farm  manure  is  insufficient.  It  should  be  understood  that  plenty  of  farm 
manure,  preferably  quick-acting,  or  readily  decomposable,  manure,  such  as  horse 
manure,  will  supply  potassium  and  thus  accomplish  everything  that  potassium 
salts  can  accomplish;  on  some  swamp  soils  manure  produces  good  results  even 
where  potassium  is  without  effect. 

Black  Mixed  Loam  (1450) 

Black  mixed  loam  occurs  in  many  of  the  low,  swampy  regions  where  organic 
matter  has  not  accumulated  sufficiently  for  the  formation  of  peats.  The  morainal 
areas  contain  large  numbers  of  small  ponds,  in  which  this  type  has  developed, 
but  they  are  too  small  to  be  shown  on  the  map.  The  total  area  of  this  type  is 
19.72  square  miles,  12,622  acres,  or  4.09  percent  of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  varies  from  a peat  to  a black  clay,  black 
silt,  or  black  sandy  loam.  The  areas  of  these  different  phases  are  so  small,  how- 
ever, and  so  badly  mixed,  that  it  is  practically  impossible  to  make  any  satisfac- 
tory separation  of  them  into  distinct  types.  For  this  reason  the  type  is  called 
black  mixed  loam.  The  content  of  organic  matter  varies  from  6 to  20  percent. 

The  subsurface  soil  varies  to  a less  extent  than  the  surface.  It  is  generally 
a dark  silt  or  clay  loam  with  some  sand  and  gravel  to  a depth  of  14  to  16  inches. 

The  subsoil  varies  from  a drab  to  a yellow  clayey  silty  material  that  is  made 
up  largely  of  boulder  clay.  Many  limestone  gravels  are  found  in  this  stratum. 

On  the  surface  of  this  type  are  found  many  glacial  boulders,  mostly  gran- 
ites, that  have  either  been  left  when  the  other  material  has  been  removed  by 
water,  or  been  brought  to  the  surface  by  the  action  of  frost.  In  many  cases  they 
are  so  numerous  that  cultivation  would  be  impossible  without  removing  them. 
They  vary  in  size  from  a few  inches  to  several  feet  in  diameter. 

In  the  management  of  this  type,  the  first  essential  is  thoro  drainage.  The 
variability  of  the  soil  makes  it  rather  difficult  to  suggest  any  treatment  that  will 
apply  to  the  type  as  a whole.  It  may  be  found  that  some  areas  will  need  applica- 
tions of  potassium.  This  is  true  of  the  small  peaty  areas  as  well  as  the  alkali 
spots  that  are  quite  common  in  the  type.  Comparatively  little  of  this  type  is 
under  cultivation ; nearly  all  of  it  is  either  in  pasture  or  meadow. 

The  tramping  of  stock  on  this  type  produces  hummocks,  or  “bogs,”  as  they 
are  frequently  called  by  the  farmers  of  this  vicinity.  The  height  of  these  may 
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be  increased  by  freezing  and  thawing  to  12  or  15  inches.  Driving  over  such  an 
area  as  this  with  implements  is  practically  impossible.  A “bog  cutter,”  consist- 
ing of  a series  of  either  straight  or  curved  knives,  is  used  for  reducing  the  hum- 
mocks before  plowing.  (See  Plate  9.) 

Mixed  Loam  ( Bottom  Land)  (1454) 

Mixed  loam  occurs  along  the  streams.  In  many  instances  it  is  very  much 
like  the  black  mixed  loam  (1450)  ; as  a rule,  however,  it  has  received  sufficient 
deposit  from  overflow  to  give  it  a more  uniform  character.  The  total  area  of  this 
type  is  8.51  square  miles,  5,446  acres,  or  1.76  percent  of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  brown  to  black  in  color,  varying  in  tex- 
ture from  a silt  loam  to  a sandy  loam.  The  streams  of  this  county  overflow  less 
than  in  other  parts  of  the  state  because  the  numerous  lakes  act  as  reservoirs 
giving  a steady  flow.  The  lakes  also  act  as  silt  basins,  in  which  the  sediment 
settles.  For  these  reasons  there  is  less  sediment  carried  and  deposited  on  the 
flood  plains.  The  amount  of  organic  matter  varies  from  5 to  10  percent  with  an 
average  of  7.7  percent,  or  77  tons  per  acre. 

The  subsurface  soil,  6%  to  20  inches,  varies  from  a brown  silt  loam  to  a 
brown  sandy  loam,  and  is  a little  lighter  in  color  than  the  surface  soil. 

The  subsoil  varies  from  light  brown  to  a yellowish  or  drabbish  color,  indi- 
cating that  sufficient  time  has  elapsed  for  the  formation  of  a distinct  subsoil. 
This  occurs  only  where  sedimentation  takes  place  slowly. 

Because  of  lack  of  drainage,  comparatively  little  of  this  type  is  under  culti- 
vation. It  makes  good  pasture  land,  and  possibly  that  will  be  its  principal  use 
for  years  to  come.  Drainage  is  the  first  thing  necessary.  Where  overflow  occurs, 
high  fertility  is  likely  to  be  maintained. 

Beach  Sand  (1482) 

Beach  sand,  which  might  be  called  mixed  sand  and  peat,  extends  from  Wau- 
kegan to  the  state  line  and  represents  the  beach  of  Lake  Chicago.  Its  greatest 
width  is  about  one  mile.  The  area  consists  of  a large  number  of  sand  ridges  with 
peat  deposits  between  them.  These  ridges  are  usually  but  a few  rods  wide,  and 
still  fewer  rods  apart,  and  the  peat  is  represented  by  such  small  areas  that  it  is 
practically  impossible  to  indicate  them  on  the  map.  The  sand  in  some  places 
has  a covering  of  weeds,  black  oak,  or  stunted  white  pine.  The  soil  is  so  variable 
here  that  it  is  practically  impossible  to  give  a description  of  the  different  strata, 
since  in  many  cases  a rod  either  way  would  mean  an  entire  change  of  type.  If 
drained,  the  treatment  likely  to  be  profitable  will  be  suggested  by  a study  of 
“dune  sand”  and  “deep  peat,”  described  in  the  preceding  pages. 

Lakes 

Lake  county  contains  47  lakes,  having  a total  area  of  18  square  miles,  11,512 
acres,  or  3.72  percent  of  the  entire  area  of  the  county.  Many  of  these  lakes 
have  swampy  shores,  which  fact  indicates  that  a gradual  extinction  is  going  on 
and  that  in  time  they  will  be  filled  with  organic  deposits.  Many  of  the  peaty 
areas  are  without  doubt  extinct  lakes  that  have  been  filled  by  the  accumulation 
of  organic  matter. 
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APPENDIX 

A study  of  the  soil  map  and  the  tabular  statements  concerning  crop  require- 
ments, the  plant-food  content  of  the  different  soil  types,  and  the  actual  results 
secured  from  definite  field  trials  with  different  methods  or  systems  of  soil  im- 
provement, and  a careful  study  of  the  discussion  of  general  principles  and  of 
the  descriptions  of  individual  soil  types,  will  furnish  the  most  necessary  and  use- 
ful information  for  the  practical  improvement  and  permanent  preservation  of 
the  productive  power  of  every  kind  of  soil  on  every  farm  in  the  county. 

More  complete  information  concerning  the  most  extensive  and  important  soil 
types  in  the  great  soil  areas  in  all  parts  of  Illinois  is  contained  in  Bulletin  123, 
“The  Fertility  in  Illinois  Soils,”  which  contains  a colored  general  soil-survey 
map  of  the  entire  state. 

Other  publications  of  general  interest  are : 

Bulletin  No.  76,  “Alfalfa  on  Illinois  Soils” 

Bulletin  No.  94,  “Nitrogen  Bacteria  and  Legumes” 

Bulletin  No.  115,  “Soil  Improvement  for  the  Worn  Hill  Lands  of  Illinois” 

Bulletin  No.  125,  “Thirty  Years  of  Crop  Rotation  on  the  Common  Prairie  Lands  of 
Illinois  ’ ’ 

Circular  No.  82,  “Physical  Improvement  of  Soils” 

Circular  No.  110,  “Ground  Limestone  for  Acid  Soils” 

Circular  No.  127,  “Shall  We  Use  Natural  Rock  Phosphate  or  Manufacture^  Acid  Phos- 
phate for  the  Permanent  Improvement  of  Illinois  Soils?” 

' Circular  No.  129,  “The  Use  of  Commercial  Fertilizers” 

Circular  No.  149,  “Results  of  Scientific  Soil  Treatment”  and  “Methods  and  Results  of 
Ten  Years’  Soil  Investigation  in  Illinois” 

Circular  No.  165,  “Shall  We  Use  ‘Complete’  Commercial  Fertilizers  in  the  Corn  Belt?” 

Circular  No.  167,  “The  Illinois  System  of  Permanent  Fertility” 

Note. — Information  as  to  where  to  obtain  limestone,  phosphate,  bone  meal,  and  potas- 
sium salts,  methods  of  application,  etc.,  will  also  be  found  in  Circulars  110  and  165. 

Soil  Survey  Methods 

The  detail  soil  survey  of  a county  consists  essentially  of  ascertaining,  and 
indicating  on  a map,  the  location  and  extent  of  the  different  soil  types;  and, 
since  the  value  of  the  survey  depends  upon  its  accuracy,  every  reasonable  means 
is  employed  to  make  it  trustworthy.  To  accomplish  this  object  three  things  are 
essential:  first,  careful,  well-trained  men  to  do  the  work;  second,  an  accurate 
base  map  upon  which  to  show  the  results  of  the  work;  and,  third,  the  means 
necessary  to  enable  the  men  to  place  the  soil-type  boundaries,  streams,  etc., 
accurately  upon  the  map. 

The  men  selected  for  the  work  must  be  able  to  keep  their  location  exactly 
and  to  recognize  the  different  soil  types,  with  their  principal  variations  and  lim- 
its, and  they  must  show  these  upon  the  maps  correctly.  A definite  system  is 
employed  in  checking  up  this  work.  As  an  illustration,  one  soil  expert  will  sur- 
vey and  map  a strip  80  rods  or  160  rods  wide  and  any  convenient  length,  while 
his  associate  will  work  independently  on  another  strip  adjoining  this  area,  and, 
if  the  work  is  correctly  done,  the  soil  type  boundaries  must  match  up  on  the 
line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  mapping. 
The  base  maps  are  made  on  a scale  of  one  inch  to  the  mile.  The  official  data 
of  the  original  or  subsequent  land  survey  are  used  as  a basis  in  the  construc- 
tion of  these  maps,  while  the  most  trustworthy  county  map  available  is  used  in 
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locating  temporarily  the  streams,  roads,  and  railroads.  Since  the  best  of  these 
published  maps  have  some  inaccuracies,  the  location  of  every  road,  stream,  and 
railroad  must  be  verified  by  the  soil  surveyors,  and  corrected  if  wrongly  located. 
In  order  to  make  these  verifications  and  corrections,  each  survey  party  is  pro- 
vided with  an  odometer  for  measuring  distances,  and  a plane  table  for  deter- 
mining directions  of  angling  roads,  railroads,  etc. 

Each  surveyor  is  provided  with  a base  map  of  the  proper  scale,  which  is 
carried  with  him  in  the  field ; and  the  soil-type  boundaries,  ditches,  streams,  and 
necessary  corrections  are  placed  in  their  proper  locations  upon  the  map  while 
the  mapper  is  on  the  area.  Each  section,  or  square  mile,  is  divided  into  40-acre 
plots  on  the  map,  and  the  surveyor  must  inspect  every  ten  acres  and  determine 
the  type  or  types  of  soil  composing  it.  The  different  types  are  indicated  on  the 
map  by  different  colors,  pencils  for  this  purpose  being  carried,  in  the  field. 

A small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  carried  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle,  while  distances  in  the  field  off 
the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become  expert  by 
practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a degree  of  ac- 
curacy as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 


Soil  Characteristics 


The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more  or 
less  definite  characteristics.  The  line  of  separation  between  adjoining  types  is 
usually  distinct,  but  sometimes  one  type  grades  into  another  so  gradually  that 
it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

Several  factors  must  be  taken  into  account  in  establishing  soil  types.  These 
are  (1)  the  geological  origin  of  the  soil,  whether  residual,  glacial,  loessial,  al- 
luvial, colluvial,  or  cumulose;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  structure,  or  the  depth 
and  character  of  the  surface,  subsurface,  and  subsoil;  (5)  the  physical,  or  me- 
chanical, composition  of  the  different  strata  composing  the  soil,  as  the  percent- 
ages of  gravel,  sand,  silt,  clay,  and  organic  matter  which  they  contain;  (6)  the 
texture,  or  porosity,  granulation,  friability,  plasticity,  etc.;  (7)  the  color  of  the 
strata;  (8)  the  natural  drainage;  (9)  the  agricultural  value,  based  upon  its 
natural  productiveness;  (10)  the  ultimate  chemical  composition  and  reaction. 

The  common  soil  constituents  are  indicated  in  the  following  outline : 

Organic  f Comprising  undecomposed  and  partially  decayed 

matter  1 vegetable  or  organic  material 


Soil 

constituents 


Inorganic 

matter 


[Clay.  . 
Silt.  . . 
J Sands. 
Gravel 
(^Stones 


. .001  mm.1  and  less 
001  mm.  to  .03  mm. 
. .03  mm.  to  1.  mm. 
. . . 1.  mm.  to  32  mm. 
. . .32.  mm.  and  over 


Further  discussion  of  these  constituents  is  given  in  Circular  82. 


J25  millimeters  equal  1 inch. 
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Groups  of  Soil  Types 

The  following  gives  the  different  general  groups  of  soils: 

Peats — Consisting  of  35  percent  or  more  of  organic  matter,  sometimes  mixed 
with  more  or  less  sand  or  silt. 

Peaty  loams — 15  to  35  percent  of  organic  matter  mixed  with  much  sand. 
Some  silt  and  a little  clay  may  be  present. 

Mucks — 15  to  35  percent  of  partly  decomposed  organic  matter  mixed  with 
much  clay  and  silt. 

Clays — Soils  with  more  than  25  percent  of  clay,  usually  mixed  with  much 

silt. 

Clay  loams — Soils  with  from  15  to  25  percent  of  clay,  usually  mixed  with 
much  silt  and  some  sand. 

Silt  loams — Soils  with  more  than  50  percent  of  silt  and  less  than  15  percent 
of  clay,  mixed  with  some  sand. 

Loams — Soils  with  from  30  to  50  percent  of  sand  mixed  with  much  silt  and 
a little  clay. 

Sandy  loams — Soils  with  from  50  to  75  percent  of  sand. 

Fine  sandy  loams — Soils  with  from  50  to  75  percent  of  fine  sand  mixed  with 
much  silt  and  little  clay. 

Sands — Soils  with  more  than  75  percent  of  sand. 

Gravelly  loams — Soils  with  25  to  50  percent  of  gravel  with  much  sand  and 
some  silt. 

Gravels — Soils  with  more  than  50  percent  of  gravel  and  much  sand. 

Stony  loams — Soils  containing  a considerable  number  of  stones  over  one  inch 
in  diameter. 

Rock  outcrop — Usually  ledges  of  rock  having  no  direct  agricultural  value. 

More  or  less  organic  matter  is  found  in  all  the  above  groups. 

Supply  and  Liberation  of  Plant  Food 

The  productive  capacity  of  land  in  humid  sections  depends  almost  wholly 
upon  the  power  of  the  soil  to  feed  the  crop ; and  this,  in  turn,  depends  both 
upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at  which 
it  is  liberated,  or  rendered  soluble  and  available  for  use  in  plant  growth. 
Protection  from  weeds,  insects,  and  fungous  diseases,  tho  exceedingly  important, 
is  not  a positive  but  a negative  factor  in  crop  production. 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is  gov- 
erned by  many  factors,  some  of  which  may  be  controlled  by  the  farmer,  while 
others  are  largely  beyond  his  control.  Chief  among  the  important  controllable 
factors  which  influence  the  liberation  of  plant  food  are  limestone  and  decaying 
organic  matter,  which  may  be  added  to  the  soil  by  direct  application  of  ground 
limestone  and  farm  manure.  Organic  matter  may  be  supplied  also  by  green- 
manure  crops  and  crop  residues,  such  as  clover,  cowpeas,  straw,  and  corn  stalks. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age  and  origin, 
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and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows  correctly  the 
total  organic  carbon,  which  represents,  as  a rule,  but  little  more  than  half  the 
organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the  plowed  soil  of 
an  acre  correspond  to  nearly  20  tons  of  organic  matter.  But  this  organic  mat- 
ter consists  largely  of  the  old  organic  residues  that  have  accumulated  during  the 
past  centuries  because  they  were  resistant  to  decay,  and  2 tons  of  clover  or 
cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food  than  the 
20  tons  of  old,  inactive  organic  matter.  The  recent  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  addi- 
tions  of  active  organic  matter,  whether  in  applications  of  farm  manure,  in 
legume  crops,  or  in  grass-root  sods  of  old  pastures. 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and 
at  the  same  time,  prepared  the  same  way,  planted  the  same  day  writh  the  same 
kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by 
the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

As  the  organic  matter  decays,  certain  decomposition  products  are  formed, 
including  much  carboniQ  acid,  some  nitric  acid,  and  various  organic  acids,  and 
these  have  power  to  act  upon  the  soil  and  dissolve  the  essential  mineral  plant 
foods,  thus  furnishing  soluble  phosphates,  nitrates,  and  other  salts  of  potassium, 
magnesium,  calcium,  etc.,  for  the  use  of  the  growing  crop. 

As  already  explained,  fresh  organic  matter  decomposes  much  more  rapidly 
than  old  humus,  which  represents  the  organic  residues  most  resistant  to  decay 
and  which  consequently  has  accumulated  in  the  soil  during  the  past  centuries. 
The  decay  of  this  old  humus  can  be  hastened  both  by  tillage,  which  maintains 
a porous  condition  and  thus  permits  the  oxygen  of  the  air  to  enter  the  soil  more 
freely  and  to  effect  the  more  rapid  oxidation  of  the  organic  matter,  and  also  by 
incorporating  with  the  old,  resistant  residues  some  fresh  organic  matter,  such 
as  farm  manure,  clover  roots,  etc.,  which  decay  rapidly  and  thus  furnish  or  lib- 
erate organic  matter  and  inorganic  food  for  bacteria,  the  bacteria,  under  such 
favorable  conditions,  appearing  to  have  power  to  attack  and  decompose  the  old 
humus.  It  is  probably  for  this  reason  that  peat,  a very  inactive  and  inefficient 
fertilizer  when  used  by  itself,  becomes  much  more  effective  when  composted  witfy 
fresh  farm  manure ; so  that  two  tons  of  the  compost1  may  be  worth  as  much  as 
two  tons  of  manure,  but  if  applied  separately,  the  peat  has  little  value.  Bac- 
terial action  is  also  promoted  by  the  presence  of  limestone. 

1In  his  book,  u Fertilizers,  ’ ’ published  in  1839,  Cuthbert  W.  Johnson  reported  such  com- 
post to  have  been  much  used  in  England  and  to  be  valued  as  highly,  “ weight  for  weight,  as 
farm-yard  dung.  ” 
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The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 
matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ; and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon  as 
nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil ; while 
in  old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  of  nitrogen. 
Soils  of  cut-over  or  burnt-over  timber  lands  sometimes  contain  so  much  partially 
decayed  wood  or  charcoal  as  to  destroy  the  value  of  the  nitrogen-carbon  ratio 
for  the  purpose  indicated.  (Except  in  newly  made  alluvial  soils,  the  ratio  is 
usually  narrower  in  the  subsurface  and  subsoil  than  in  the  surface  stratum.) 

It  should  be  kept  in  mind  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is 
absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  agricultural  plants,  only  one  (hydrogen)  from  water,  and 
seven  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes),  in  case  the  amount  liberated  from  the  soil  is  insufficient;  but  even 
these  plants  (which  include  only  the  clovers,  peas,  beans,  and  vetches,  among 
our  common  agricultural  plants)  secure  from  the  soil  alone  six  elements  (phos- 
phorus, potassium,  magnesium,  calcium,  iron,  and  sulfur),  and  also  utilize  the 
soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period  of 
growth. 

Plants  are  made  of  plant-food  elements  in  just  the  same  sense  that  a build- 
ing is  made  of  wood  and  iron,  brick,  stone,  and  mortar.  Without  materials, 
nothing  material  can  be  made.  The  normal  temperature,  sunshine,  rainfall,  and 
length  of  season  in  central  Illinois  are  sufficient  to  produce  50  bushels  of  wheat 
per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4 tons  of  clover  hay ; and, 
where  the  land  is  properly  drained  and  properly  tilled,  such  crops  would  fre- 
quently be  secured  if  the  plant  foods  were  present  in  sufficient  amounts  and 
liberated  at  a sufficiently  rapid  rate  to  meet  the  absolute  needs  of  the  crops . 

Crop  Requirements 

The  accompanying  table  shows  the  requirements  of  wheat,  corn,  oats,  and 
clover  for  the  five  most  important  plant-food  elements  which  the  soil  must  fur- 
nish. (Iron  and  sulfur  are  supplied  normally  in  sufficient  abundance  compared 
with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit  the 
yield  of  general  farm  crops  grown  under  normal  conditions.) 
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Table  A. — Plant  Food  in  Wheat,  Corn,  Oats,  and  Clover 


Produce 

Nitro- 

Phos- 

Potas- 

Magne- 

Cal- 

Kind 

Amount 

gen 

phorus 

sium 

sium 

cium 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Wheat,  grain 

50  bu. 

71 

12 

13 

4 

1 

Wheat  straw 

2*4  tons 

25 

4 

45 

4 

10 

Corn,  grain 

100  bu. 

100 

17 

19 

7 

1 

Corn  stover ' 

3 tons 

48 

6 

52 

10 

21 

Corn  cobs 

V2  ton 

2 

2 

Oats,  gra^n 

100  bu. 

66 

11 

16 

4 

2 

Oat  straw 

2 y2  tons 

31 

5 

52 

7 

15 

Clover  seed 

4 bu. 

7 

2 

3 

1 

1 

Clover  hay 

4 tons 

160 

20 

120 

31 

117 

Total  in  grain  and  seed 

2441 

42 

51 

16 

4 

Total  in  four  crops.  . , 

5101 

77 

322 

68 

168 

JThese  amounts  include  the  nitrogen  contained  in  the  clover  seed  or  hay,  which,  how- 
ever, may  be  secured  from  the  air. 


To  be  sure,  these  are  large  yields,  but  shall  we  try  to  make  possible  the 
production  of  yields  only  half  or  a quarter  as  large  as  these,  or  shall  we  set  as 
our  ideal  this  higher  mark,  and  then  approach  it  as  nearly  as  possible  with 
profit?  Among  the  four  crops,  corn  is  the  largest,  with  a total  yield  of  more 
than  six  tons  per  acre;  and  yet  the  100-bushel  crop  of  corn  is  often  produced 
on  rich  pieces  of  land  in  good  seasons.  In  very  practical  and  profitable  systems 
of  farming,  the  Illinois  Experiment  Station  has  produced,  as  an  average  of  the 
six  years  1905  to  1910,  a yield  of  87  bushels  of  corn  per  acre  in  grain  farming 
(with  limestone  and  phosphorus  applied,  and  with  crop  residues  and  legume 
crops  turned  under),  and  90  bushels  per  acre  in  live-stock  farming  (with  lime- 
stone, phosphorus,  and  manure). 

The  importance  of  maintaining  a rich  surface  soil  cannot  be  too  strongly 
emphasized.  This  is  well  illustrated  by  data  from  the  Rothamsted  Experiment 
Station,  the  oldest  in  the  world.  On  Broadbalk  field,  where  wheat  has  been 
grown  since  1844,  the  average  yields  for  the  ten  years  1892  to  1901  were  12.3 
bushels  per  acre  on  Plot  3 (unfertilized)  and  31.8  bushels  on  Plot  7 (well  ferti- 
lized), but  the  amounts  of  both  nitrogen  and  phosphorus  in  the  subsoil  (9  to  27 
inches)  were  distinctly  greater  in  Plot  3 than  in  Plot  7,  thus  showing  that  the 
higher  yields  from  Plot  7 were  due  to  the  fact  that  the  plowed  soil  had  been 
enriched.  In  1893  Plot  7 contained  per  acre  in  the  surface  soil  (0  to  9 inches) 
about  600  pounds  more  nitrogen  and  900  pounds  more  phosphorus  than  Plot  3. 
Even  a rich  subsoil  has  little  value  if  it  lies  beneath  a worn-out  surface. 

Methods  of  Liberating  Plant  Food 

Limestone  and  decaying  organic  matter  are  the  principal  materials  which 
the  farmer  can  utilize  most  profitably  to  bring  about  the  liberation  of  plant 
food.  The  limestone  corrects  the  acidity  «f  the  soil  and  thus  encourages  the 
development  not  only  of  the  nitrogen-gathering  bacteria  which  live  in  the  nodules 
on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also  the  nitrifying 
bacteria,  which  have  power  to  transform  the  insoluble  and  unavailable  organic 
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nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the  same  time,  the 
products  of  this  decomposition  have  power  to  dissolve  the  minerals  contained 
in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve  the  insoluble 
phosphate  and  limestone  which  may  be  applied  in  low-priced  forms. 

Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant  food  by  permit- 
ting the  air  to  enter  the  soil  and  burn  out  the  organic  matter;  but  it  should 
never  be  forgotten  that  tillage  is  wholly  destructive,  that  it  adds  nothing  what- 
ever to  the  soil,  but  always  leaves  it  poorer.  Tillage  should  be  practiced  so 
far  as  is  necessary  to  prepare  a suitable  seed  bed  for  root  development  and 
also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unnecessary  and 
unprofitable  in  seasons  of  normal  rainfall ; and  it  is  much  better  actually  to 
enrich  the  soil  by  proper  applications  or  additions,  including  limestone  and 
organic  matter  (both  of  which  have  power  to  improve  the  physical  condition 
as  well  as  to  liberate  plant  food)  than  merely  to  hasten  soil  depletion  by  means 
of  excessive  cultivation. 

Permanent  Soil  Improvement 

The  best  and  most  profitable  methods  for  the  permanent  improvement  of 
the  common  soils  of  Illinois  are  as  follows: 

(1)  If  the  soil  is  acid,  apply  at  least  two  tons  per  acre  of  ground  lime- 
stone, preferably  at  times  magnesian  limestone  (CaC03MgC03),  which  con- 
tains both  calcium  and  magnesium  and  has  slightly  greater  power  to  correct 
soil  acidity,  ton  for  ton,  than  the  ordinary  calcium  limestone  (CaC03) ; and 
continue  to  apply  about  tivo  tons  per  acre  of  ground  limestone  every  four  or 
five  years.  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa,  five 
tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

(2)  Adopt  a good  rotation  of  crops,  including  a liberal  use  of  legumes,  and 
increase  the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops 
and  other  crop  residues  (straw  and  corn  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  what  will  prove  to  be  the 
best  rotation  of  crops,  because  of  variation  in  farms  and  farmers,  and  in  prices 
for  produce,  but  the  following  are  suggested  to  serve  as  models  or  outlines: 

First  year,  corn. 

Second  year,  corn. 

Third  year,  wheat  or  oats  (with  clover  or  clover  and  grass). 

Fourth  year,  clover  or  clover  and  grass. 

Fifth  year,  wheat  and  clover  or  grass  and  clover. 

Sixth  year,  clover  or  clover  and  grass. 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
coarse  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  (only  the  clover  seed  being  sold  the  fourth  and  sixth  years)  ; 
or,  in  live-stock  farming,  the  field  may  be  used  three  years  for  timothy  and 
clover  pasture  and  meadow  if  desired.  The  system  may  be  reduced  to  a five- 
year  rotation  by  cutting  out  either  the  second  or  the  sixth  year,  and  to  a four- 
year  system  by  omitting  the  fifth  and  sixth  years. 
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With  two  years  of  corn,  followed  by  oats  with  clover-seeding  the  third  year, 
and  by  clover  the  fourth  year,  all  produce  can  be  used  for  feed  and  bedding  if 
other  land  is  available  for  permanent  pasture.  Alfalfa  may  be  grown  on  a fifth 
field  for  four  or  eight  years,  which  is  to  be  alternated  with  one  of  the  four ; or 
the  alfalfa  may  be  moved  every  five  years,  and  thus  rotated  over  all  five  fields 
every  twenty-five  years. 

Other  four-year  rotations  more  suitable  for  grain  farming  are : 

Wheat  (and  clover),  corn,  oats,  and  clover;  or  corn  (and  clover),  cowpeas,  wheat,  and 
clover.  (Alfalfa  may  be  grown  on  a fifth  field  and  rotated  every  five  years,  the 
hay  being  sold.) 

Good  three-year  rotations  are: 

Corn,  oats,  and  clover;  corn,  wheat,  and  clover;  or  wheat  (and  clover),  corn  (and 
clover),  and  cowpeas,  in  which  two  cover  crops  and  one  regular  crop  of  legumes 
are  grown  in  three  years. 

A five-year  rotation  of  (1)  corn  (and  clover),  (2)  cowpeas,  (3)  wheat, 
(4)  clover,  and  (5)  wheat  (and  clover)  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

To  avoid  clover  sickness  it  may  sometimes  be  necessary  to  substitute  sweet 
clover  or  alsike  for  red  clover  in  about  every  third  rotation,  and  at  the  same 
time  to  discontinue  its  use  in  the  cover-crop  mixture.  If  the  corn  crop  is  not 
too  rank,  cowpeas  or  soybeans  may  also  be  used  as  a cover  crop  (seeded  at  the 
last  cultivation)  in  the  southern  part  of  the  state,  and,  if  necessary  to  avoid 
disease,  these  may  well  alternate  in  successive  rotations. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named: 

1 bushel  of  oats  (grain  and  straw)  requires  1 pound  of  nitrogen. 

1 bushel  of  corn  (grain  and  stalks)  requires  1%  pounds  of  nitrogen. 

1 bushel  of  wheat  (grain  and  straw)  requires  2 pounds  of  nitrogen. 

1 ton  of  timothy  requires  24  pounds  of  nitrogen. 

1 ton  of  clover  contains  40  pounds  of  nitrogen. 

1 ton  of  cowpeas  contains  43  pounds  of  nitrogen. 

1 ton  of  average  manure  contains  10  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops. 

Soils  of  moderate  productive  power  will  furnish  as  much  nitrogen  to  clover 
(and  two  or  three  times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and 
stubble.  In  grain  crops,  such  as  wheat,  corn,  and  oats,  about  two-thirds  of  the 
nitrogen  is  contained  in  the  grain  and  one-third  in  the  straw  or  stalks.  (See 
also  discussion  of  “The  Potassium  Problem,”  on  pages  following.) 

(3)  On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to 
serious  erosion  by  surface  washing  or  gullying)  apply  that  element  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops 
desired  to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
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improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per 
acre,  which  may  require  a total  application  of  from  three  to  five  or  six  tons  per 
acre  of  raw  phosphate  containing  12y2  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  phosphorus  delivered  in  Illinois  costs 
about  3 cents  a pound  in  raw  phosphate  (direct  from  the  mine  in  carload  lots), 
but  10  cents  a pound  in  steamed  bone  meal,  and  about  12  cents  a pound  in  acid 
phosphate,  both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase 
by  farmers  in  carload  lots,  which  is  not  the  case  with  limestone  or  raw  phos- 
phate. 

Phosphorus  once  applied  to  the  soil  remains  in  it  until  removed  in  crops, 
unless  carried  away  mechanically  by  soil  erosion.  (The  loss  by  leaching  is  only 
about  iy2  pounds  per  acre  per  annum,  so  that  more  than  150  years  would  be 
required  to  leach  away  the  phosphorus  applied  in  one  ton  of  raw  phosphate.) 

The  phosphate  and  limestone  may  be  applied  at  any  time  during  the  rota- 
tion, but  a good  method  is  to  apply  the  limestone  after  plowing  and  work  it  into 
the  surface  soil  in  preparing  the  seed  bed  for  wheat,  oats,  rye,  or  barley,  where 
clover  is  to  be  seeded ; while  phosphate  is  best  plowed  under  with  farm  manure, 
clover,  or  other  green  manures,  which  serve  to  liberate  the  phosphorus. 

(4)  Until  the  supply  of  decaying  organic  matter  has  been  made  adequate, 
on  the  poorer  types  of  upland  timber  and  gray  prairie  soils  some  temporary 
benefit  may  be  derived  from  the  use  of  a soluble  salt  or  a mixture  of  salts,  such 
as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble  form  and 
also  some  common  salt  (sodium  chlorid).  About  600  pounds  per  acre  of  kainit 
applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve  the  phos- 
phorus as  well  as  to  furnish  available  potassium  and  magnesium,  and  for  a few 
years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic  matter, 
but  the  evidence  thus  far  secured  indicates  that  its  use  is  not  absolutely  necessary 
and  that  it  will  not  be  profitable  after  adequate  provision  is  made  for  supplying 
decaying  organic  matter,  since  this  will  necessitate  returning  to  the  soil  the 
potassium  contained  in  the  crop  residues  from  grain  farming  or  the  manure 
produced  in  live-stock  farming,  and  will  also  provide  for  the  liberating  of  potas- 
sium from  the  soil.  (Where  hay  or  straw  is  sold,  manure  should  be  bought.) 

On  soils  which  are  subject  to  surface  washing,  including  especially  the 
yellow  silt  loam  of  the  upland  timber  area,  and  to  some  extent  the  yellow-gray 
silt  loam  and  other  more  rolling  areas,  the  supply  of  minerals  in  the  subsurface 
and  subsoil  (which  gradually  renew  the  surface  soil)  tends  to  provide  for  a 
low-grade  system  of  permanent  agriculture  if  some  use  is  made  of  legume  plants, 
as  in  long  rotations  with  much  pasture,  because  both  the  minerals  and  nitrogen 
are  thus  provided  in  some  amount  almost  permanently;  but  where  such  lands 
are  farmed  under  such  a system,  not  more  than  two  or  three  grain  crops  should 
be  grown  during  a period  of  ten  or  twelve  years,  the  land  being  kept  in  pasture 
most  of  the  time;’  and  where  the  soil  is  acid  a liberal  use  of  limestone,  as  top- 
dressings  if  necessary,  and  occasional  reseeding  with  clovers  will  benefit  both  the 
pasture  and  indirectly  the  grain  crops. 
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Advantage  of  Crop  Rotation  and  Permanent  Systems 

It  should  be  noted  that  clover  is  not  likely  to  be  well  infected  with  the 
clover  bacteria  during  the  first  rotation  on  a given  farm  or  field  where  it  has 
not  been  grown  before  within  recent  years;  but  even  a partial  stand  of  clover 
the  first  time  will  probably  provide  a thousand  times  as  many  bacteria  for  the 
next  clover  crop  as  one  could  afford  to  apply  in  artificial  inoculation,  for  a single 
root-tubercle  may  contain  a million  bacteria  developed  from  one  during  the  sea- 
son’s growth. 

This  is  only  one  of  several  advantages  of  the  second  course  of  the  rotation 
over  the  first  course.  Thus  the  mere  practice  of  crop  rotation  is  an  advantage, 
especially  in  helping  to  rid  the  land  of  insects  and  foul  grass  and  weeds.  The 
clover  crop  is  an  advantage  to  subsequent  crops  because  of  its  deep-rooting  char- 
acteristic. The  larger  applications  of  organic  manures  (made  possible  by  the 
larger  crops)  are  a great  advantage ; and  in  systems  of  permanent  soil  improve- 
ment, such  as  are  here  advised  and  illustrated,  more  limestone  and  more  phos- 
phorus are  provided  than  are  needed  for  the  meager  or  moderate  crops  pro- 
duced during  the  first  rotation,  and  consequently  the  crops  in  the  second  rota- 
tion have  the  advantage  of  such  accumulated  residues  (well  incorporated  with 
the  plowed  soil)  in  addition  to  the  regular  applications  made  during  the  second 
rotation. 

This  means  that  these  systems  tend  positively  toward  the  making  of  richer 
lands.  The  ultimate  analyses  recorded  in  the  tables  give-  the  absolute  invoice 
of  these  Illinois  soils.  They  show  that  most  of  them  are  positively  deficient  only 
in  limestone,  phosphorus,  and  nitrogenous  organic  matter ; and  the  accumulated 
information  from  careful  and  long-continued  investigations  in  different  parts  of 
the  United  States  clearly  establishes  the  fact  that  in  general  farming  these  essen- 
tials can  be  supplied  with  greatest  economy  and  profit  by  the  use  of  ground  nat- 
ural limestone,  very  finely  ground  natural  rock  phosphate,  and  legume  crops  to 
be  plowed  under  directly  or  in  farm  manure.  On  normal  soils  no  other  applica- 
tions are  absolutely  necessary,  but,  as  already  explained,  the  addition  of  some 
soluble  salt  in  the  beginning  of  a system  of  improvement  on  some  of  these  soils 
produces  temporary  benefit,  and  if  some  inexpensive  salt,  such  as  kainit,  is  used, 
it  may  produce  sufficient  increase  to  more  than  pay  the  added  cost. 

The  Potassium  Problem 

As  reported  in  Illinois  Bulletin  123,  where  wheat  has  been  grown  every  year 
for  more  than  half  a century  at  Rothamsted,  England,  exactly  the  same  increase 
was  produced  (5.6  bushels  per  acre),  as  an  average  of  the  first  24  years,  whether 
potassium,  magnesium,  or  sodium  was  applied,  the  rate  of  application  per  annum 
being  200  pounds  of  potassium  sulfate  and  molecular  equivalents  of  magnesium 
sulfate  and  sodium  sulfate.  As  an  average  of  60  years  (1852  to  1911),  the  yield 
of  wheat  was  12.7  bushels  on  untreated  land  and  23.3  bushels  where  86  pounds 
of  nitrogen^  and  29  pounds  of  phosphorus  per  acre  per  annum  were  applied. 
As  further  additions,  85  pounds  of  potassium  raised  the  yield  to  31.3  bushels; 
52  pounds  of  magnesium  raised  it  to  29.2  bushels ; and  50  pounds  of  sodium  raised 
it  to  29.5  bushels.  Where  potassium  was  applied,  the  wheat  crop  removed  an- 
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nually  an  average  of  40  pounds  of  that  element  in  the  grain  and  straw,  or  three 
times  as  much  as  would  be  removed  in  the  grain  only  for  such  crops  as  are 
suggested  in  Table  A.  The  Rothamsted  soil  contained  an  abundance  of  lime- 
stone, but  no  organic  matter  was  provided  except  the  little  in  the  stubble  and 
roots  of  the  wheat  plants. 

On  another  field  at  Rothamsted  the  average  yield  of  barley  for  60  years 
(1852  to  1911)  was  14.2  bushels  on  untreated  land,  38.1  bushels  where  43  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  were  applied  per  acre  per  annum; 
while  the  further  addition  of  85  pounds  of  potassium,  19  pounds  of  magnesium, 
and  14  pounds  of  sodium  (all  in  sulfates)  raised  the  average  yield  to  41.5 
bushels.  Where  only  70  pounds  of  sodium  were  applied  in  addition  to  the 
nitrogen  and  phosphorus,  the  average  was  43.0  bushels.  Thus,  as  an  average 
of  60  years,  the  use  of  sodium  produced  1.8  bushels  less  wheat  and  1.5  bushels 
more  barley  than  the  use  of  potassium,  with  both  grain  and  straw  removed  and 
no  organic  manures  returned. 

In  recent  years  the  effect  of  potassium  is  becoming  much  more  marked  than 
that  of  sodium  or  magnesium,  on  the  wheat  crop ; but  this  must  be  expected  to 
occur  in  time  where  no  potassium  is  returned  in  straw  or  manure,  and  no  pro- 
vision made  for  liberating  potassium  from  the  supply  still  remaining  in  the  soil. 
If  the  wheat  straw,  which  contains  more  than  three-fourths  of  the  potassium 
removed  in  the  wheat  crop  (see  Table  A),  were  returned  to  the  soil,  the  neces- 
sity of  purchasing  potassium  in  a good  system  of  farming  on  such  land  would 
be  at  least  very  remote,  for  the  supply  would  be  adequately  maintained  by 
the  actual  amount  returned  in  the  straw,  together  with  the  additional  amount 
which  would  be  liberated  from  the  soil  by  the  action  of  decomposition  products. 

While  about  half  the  potassium,  nitrogen,  and  organic  matter,  and  about 
one-fourth  the  phosphorus  contained  in  manure  is  lost  by  three  or  four  months  ’ 
exposure  in  the  ordinary  pile  in  the  barn  yard,  there  is  practically  no  loss 
if  plenty  of  absorbent  bedding  is  used  on  cement  floors,  and  if  the  manure  is 
hauled  to  the  field  and  spread  within  a day  or  two  after  it  is  produced.  Again, 
while  in  average  live-stock  farming  the  animals  destroy  two-thirds  of  the  or- 
ganic matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from  the 
food  they  consume,  they  retain  less  than  one-tenth  of  the  potassium ; so  that  the 
actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either  in  grain 
farming  or  in  live-stock  farming,  is  wholly  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  removal  of  one  inch  of  soil  per  century  by  surface  washing  (which  is 
likely  to  occur  wherever  there  is  satisfactory  surface  drainage  and  frequent  cul- 
tivation) will  permanently  maintain  the  potassium  in  grain  farming  by  re- 
newal from  the  subsoil,  provided  one-third  of  the  potassium  is  removed  by  crop- 
ping before  the  soil  is  carried  away. 

From  all  these  facts  it  will  be  seen  that  the  potassium  problem  is  not  one 
of  addition  but  of  liberation;  and  the  Rothamsted  records  show  that  for  many 
years  other  soluble  salts  have  practically  the  same  power  as  potassium  to  increase 
crop  yields  in  the  absence  of  sufficient  decaying  organic  matter.  Whether  this 
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action  relates  to  supplying  or  liberating  potassium  for  its  own  sake,  or  to  the 
power  of  the  soluble  salt  to  increase  the  availability  of  phosphorus  or  other  ele- 
ments, is  not  known,  but  where  much  potassium  is  removed,  as  in  the  entire  crops 
at  Rothamsted,  with  no  return  of  organic  residues,  probably  the  soluble  salt 
functions  in  both  ways. 

As  an  average  of  112  separate  tests  conducted  in  1907,  1908,  1909,  and  1910 
on  the  Fairfield  experiment  field,  an  application  of  200  pounds  of  potassium 
sulfate,  containing  85  pounds  of  potassium  and  costing  $5.10,  increased  the  yield 
of  corn  by  9.3  bushels  per  acre ; while  600  pounds  of  kainit,  containing  only  60 
pounds  of  potassium  and  costing  $4,  gave  an  increase  of  10.7  bushels.  Thus,  at 
40  cents  a bushel  for  corn,  the  kainit  paid  for  itself ; but  these  results,  like  those 
at  Rothamsted,  were  secured  where  no  adequate  provision  had  been  made  for 
decaying  organic  matter. 

Additional  experiments  at  Fairfield  included  an  equally  complete  test  with 
potassium  sulfate  and  kainit  on  land  to  which  8 tons  per  acre  of  farm  manure 
were  applied.  As  an  average  of  112  tests  with  each  material,  the  200  pounds 
of  potassium  sulfate  increased  the  yield  of  corn  by  1.7  bushels,  while  the  600 
pounds  of  kainit  also  gave  an  increase  of  1.7  bushels.  Thus,  where  organic 
manure  was  supplied,  very  little  effect  was  produced  by  the  addition  of  either- 
potassium  sulfate  or  kainit ; in  part  perhaps  because  the  potassium  removed  in 
the  crops  is  mostly  returned  in  the  manure  if  properly  cared  for,  and  perhaps 
in  larger  part  because  the  decaying  organic  matter  helps  to  liberate  and  hold 
in  solution  other  plant-food  elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  by  chemical  analysis  that  potassium  salts  and  most  other  soluble  salts 
increase  the  solubility  of  the  phosphorus  in  soil  and  in  rock  phosphate;  also 
that  the  addition  of  glucose  with  rock  phosphate  in  pot-culture  experiments 
increases  the  availability  of  the  phosphorus,  as  measured  by  plant  growth,  altho 
the  glucose  consists  only  of  carbon,  hydrogen,  and  oxygen,  and  thus  contains 
no  plant  food  of  value. 

If  we  remember  that,  as  an  average,  live  stock  destroy  two-thirds  of  the  or- 
ganic matter  of  the  food  they  consume,  it  it  easy  to  determine  from  Table  A that 
more  organic  matter  will  be  supplied  in  a proper  grain  system  than  in  a strictly 
live-stock  system ; and  the  -evidence  thus  far  secured  from  older  experiments  at 
the  University  and  at  other  places  in  the  state  indicates  that  if  the  corn  stalks, 
straw,  clover,  etc.,  are  incorporated  with  the  soil  as  soon  as  practicable  after  they 
are  produced  (which  can  usually  be  done  in  the  late  fall  or  early  spring),  there 
is  little  or  no  difficulty  in  securing  sufficient  decomposition  in  our  humid  climate 
to  avoid  serious  interference  with  the  capillary  movement  of  the  soil  moisture, 
a common  danger  from  plowing  under  too  much  coarse  manure  of  any  kind  in 
the  late  spring  of  a dry  year. 

If,  however,  the  entire  produce  of  the  land  is  sold  from  the  farm,  as  in  hay 
farming  or  when  both  grain  and  straw  are  sold,  of  course  the  draft  on  potas- 
sium will  then  be  so  great  that  in  time  it  must  be  renewed  by  some  sort  of  appli- 
cation. As  a rule,  farmers  following  this  practice  ought  to  secure  manure  from 
town,  since  they  furnish  the  bulk  of  the  material  out  of  which  manure  is  pro- 
duced. 
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Calcium  and  Magnesium 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching.  As  an  average  of  90 
analyses1  of  Illinois  well-waters  drawn  chiefly  from  glacial  sands,  gravels,  or  till, 
3 million  pounds  of  water  (about  the  average  annual  drainage  per  acre  for 
Illinois)  contained  11  pounds  of  potassium,  130  of  magnesium,  and  330  of  cal- 
cium. These  figures  are  very  significant,  and  it  may  be  stated  that  if  the  plowed 
soil  is  well  supplied  with  the  carbonates  of  magnesium  and  calcium,  then  a very 
considerable  proportion  of  these  amounts  will  be  leached  from  that  stratum. 
Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at  Rothamsted,  England, 
where  the  soil  contains  plenty  of  limestone,  has  averaged  more  than  300  pounds 
a year  as  determined  by  analyzing  the  soil  in  1865  and  again  in  1905.  Prac- 
tically the  same  amount  of  calcium  was  found,  by  analyses,  in  the  Rothamsted 
drainage  waters. 

Common  limestone,  which  is  calcium  carbonate  (CaC03),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  are  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  were 
applied  at  Edgewood,  Illinois,  the  avevage  annual  loss  during  the  next  ten  years 
amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investigations 
seem  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed  at 
least  2 tons  per  acre  should  be  applied  every  4 or  5 years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  four  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420-  pounds  of  total  calcium  in  the  plowed  soil  of  an 
acre.  (See  Soil  Report  No.  1.)  Thus  limestone  has  a positive  value  on  some 
soils  for  the  plant  food  which  it  supplies,  in  addition  to  its  value  in  correcting 
soil  acidity  and  in  improving  the  physical  condition  of  the  soil.  Ordinary  lime- 
stone (abundant  in  the  southern  and  western  parts  of  the  state)  contains  nearly 
800  pounds  of  calcium  per  ton;  while  a good  grade  of  dolomitic  limestone  (the 
more  common  limestone  of  northern  Illinois)  contains  about  400  pounds  of  cal- 
cium and  300  pounds  of  magnesium  per  ton.  Both  of  these  elements  are  fur- 
nished in  readily  available  form  in  ground  dolomitic  limestone. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Not  only  does  it  impart  good  tilth  to  the  soil,  but  it  prevents 
much  loss  by  washing  on  rolling  land,  warms  the  soil  by  absorption  of  heat,  re- 
tains moisture  during  drouth,  furnishes  nitrogen  for  the  crop,  aids  in  the  libera- 
tion of  mineral  plant  food,  and  prevents  the  soil  from  running  together  badly. 
This  constituent  must  be  supplied  to  the  soil  in  every  practical  way,  so  that  the 
amount  may  be  maintained  or  even  increased.  It  is  being  broken  down  during 
a large  part  of  the  year,  and  the  nitrates  produced  are  used  for  plant  growth. 

Reported  by  Doctor  Bartow  and  associates,  of  the  Illinois  State  Water  Survey. 
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This  breaking  down  is  necessary,  but  it  is  also  quite  necessary  that  the  supply 
be  maintained. 

The  physical  effect  of  organic  matter  in  the  soil  is  to  produce  a granulation, 
or  mellowness,  very  favorable  for  tillage  and  the  development  of  plant  roots.  If 
continuous  cropping  takes  place,  accompanied  with  the  removal  of  the  corn  stalks 
and  straw,  the  amount  of  organic  matter  is  gradually  diminished  and  a condi- 
tion of  poor  tilth  will  ultimately  follow.  In  many  cases  this  already  limits  the 
crop  yields.  The  remedy  is  to  increase  the  organic-matter  content  by  plowing 
under  crop  residues,  such  as  corn  stalks,  straw,  and  clover.  Selling  thfese  prod- 
ucts from  the  farm,  burning  them,  or  feeding  them  and  not  returning  the  ma- 
nure, or  allowing  a very  large  part  of  the  manure  to  be  lost  before  it  is  returned 
to  the  land,  all  represent  bad  practice. 

One  of  the  chief  sources  of  loss  of  organic  matter  in  the  corn  belt  is  the 
practice  of  burning  the  corn  stalks.  Could  the  farmers  be  made  to  realize  how 
great  a loss  this  entails,  they  would  certainly  discontinue  the  practice.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
corn  stalks.  It  is  true  that  they  decay  rather  slowly,  but  it  is  also  true  that  their 
durability  in  the  soil  after  partial  decomposition  is  exactly  what  is  needed  in 
the  maintenance  of  an  adequate  supply  of  humus. 

The  nitrogen  in  a ton  of  cornstalks  is  14/2  times  that  in  a ton  of  manure,  and 
a ton  of  dry  corn  stalks  incorporated  with  the  soil  will  ultimately  furnish  as 
much  humus  as  4 tons  of  average  farm  manure;  but  when  burned,  both  the 
humus-making  material  and  the  nitrogen  which  these  stalks  contain  are  de- 
stroyed and  lost  to  the  soil. 

The  objection  is  often  raised  that  when  stalks  are  plowed  under  they  inter- 
fere very  seriously  in  the  cultivation  of  corn,  and  thus  indirectly  destroy  a great 
deal  of  corn.  If  corn  stalks  are  well  cut  up  and  then  turned  under  to  a depth 
of  5i/2  to  6 inches  when  the  ground  is  plowed  in  the  spring,  very  little  trouble 
will  result. 

Where  corn  follows  corn,  the  stalks,  if  not  needed  for  feeding  purposes, 
should  be  thoroly  cut  up  with  a sharp  disk  or  stalk  cutter  and  turned  under. 
Likewise,  the  straw  should  be  returned  to  the  land  in  some  practical  way,  either 
directly  or  as  manure.  Clover  should  be  one  of  the  crops  grown  in  the  rotation, 
and  it  should  be  plowed  under  directly  or  as  manure  instead  of  being  sold  as  hay, 
except  when  manure  can  be  brought  back. 

It  must  be  remembered,  however,  that  in  the  feeding  of  hay,  or  straw,  or 
corn  stalks,  a great  destruction  of  organic  matter  takes  place,  so  that  even  if  the 
fresh  manure  were  returned  to  the  soil,  there  would  still  be  a loss  of  50  to  70 
percent  owing  to  the  destruction  of  organic  matter  by  the  animal.  If  manure  is 
allowed  to  lie  in  the  farmyard  for  a few  weeks  or  months,  there  is  an  additional 
loss  which  amounts  to  from  one-third  to  two-thirds  of  the  manure  recovered 
from  the  animal.  This  is  well  shown  by  the  results  of  an  experiment  conducted 
by  the  Maryland  Experiment  Station,  where  80  tons  of  manure  were  allowed  to 
lie  for  a year  in  the  farmyard  and  at  the  end  of  that  time  but  27  tons  remained, 
entailing  a loss  of  about  66  percent  of  the  manure.  Most  of  this  loss  occurs 
within  the  first  three  or  four  months,  when  fermentation,  or  ‘ 4 heating,  ’ 9 is  most 
active.  Two  tons  of  manure  were  exposed  from  April  29  to  August  29,  by  the 
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Canadian  Experiment  Station  at  Ottawa.  During  these  four  months  the  organic 
matter  was  reduced  from  1,938  pounds  to  655  pounds.  To  obtain  the  greatest 
value  from  the  manure,  it  should  be  applied  to  the  soil  as  soon  as  possible  after 
it  is  produced. 

It  is  a common  practice  in  the  corn  belt  to  pasture  the  corn  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  of  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing, 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  to  be  planted.  Whether  the  crop  is  corn  or  oats,  it  neces- 
sarily suffers,  and  if  the  season  is  dry,  much  damage  may  result.  If  the  field  is 
put  in  corn,  a poor  stand  is  likely  to  follow,  and  if  put  in  oats,  a compact  soil  is 
formed  which  is  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked 
when  too  wet.  This  also  produces  a partial  puddling  which  is  unfavorable  to 
physical,  chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if 
cropping  has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain 
good  tilth. 
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Thirteen  Years'  Results  with  Phosphorus  on  the  University  of  Illinois  Soil  Experi- 
ment Field  at  Bloomington,  on  the  Typical  Prairie  Land  of  the 
Illinois  Corn  Belt 


Year 

Crop  grown 

Yield 

without 

phosphorus 

Yield. 

with 

phosphorus 

Increase 

for 

phosphorus 

Value  of 
increase 
per  acre 

1902 

Corn,  bu 

37.0 

41.7 

4.7 

$ 1.64 

1903 

Corn,  bu 

60.3 

73.0 

12.7 

4.44 

1904 

Oats,  bu 

60.8 

72.7 

11.9 

3.33 

1905 

Wheat,  bu 

28.8 

39.2 

10.4 

7.28 

1906 

Clover,  tons 

.58 

1.65 

1.07 

7.49 

1907 

Corn,  bu 

63.1 

82.1 

19.0 

6.65 

1908 

Corn,  bu 

35.3 

47.5 

12.2 

4.27 

1909 

Oats,  bu 

53.6 

63.8 

10.2 

2.86 

1910 

Clover,  tons 

1.09 

4.21 

3.12 

21.85 

1911 

Wheat,  bu 

22.5 

57.6 

35.1 

24.58 

1912 

Corn,  bu 

47.9 

74.5 

26.0 

9.30 

1913 

Corn,  bu 

30.0 

44.1 

14.1 

4.93 

1914 

Oats,  bu 

40.6 

45.0 

4.4 

1.23 

Total  value  of  increase  in  thirteen  years $99.85 

Total  cost  of  phosphorus  in  thirteen  years . 32.50 


Total  value  of  increase  in  thirteen  years $99.85 

Total  cost  of  phosphorus  in  thirteen  years 32.50 

Net  profit  in  thirteen  years $67.35 


After  the  first  year  the  phosphorus  began  to  more  than  pay  its  annual  cost ; 
and  during  the  second  five-year  period  the  increase  produced  by  the  phosphorus 
was  worth  almost  as  much  as  the  total  crops  produced  on  the  land  not  receiving 
phosphorus.  In  later  years  the  need  of  organic  manures  with  phosphorus  has 
become  apparent.  (See  pages  17  to  22  for  more  complete  details.) 
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INTRODUCTORY  NOTE 

About  two-thirds  of  Illinois  lies  in  the  corn  belt,  where  most  of  the  prairie 
lands  are  black  or  dark  brown  in  color.  In  the  southern  third  of  the  state,  the 
prairie  soils  are  largely  of  a gray  color.  This  region  is  better  known  as  the 
wheat  belt,  altho  wheat  is  often  grown  in  the  corn  belt  and  com  is  also  a com- 
mon crop  in  the  wheat  belt. 

Moultrie  county,  representing  the  com  belt;  Clay  county,  which  is  fairly 
representative  of  the  wheat  belt;  and  Hardin  county,  which  is  taken  to  repre- 
sent the  unglaciated  area  of  the  extreme  southern  part  of  the  state,  were  se- 
lected for  the  first  Illinois  Soil  Reports  by  counties.  While  these  three  county 
soil  reports  were  sent  to  the  Station’s  entire  mailing  list  within  the  state,  sub- 
sequent reports  are  sent  only  to  those  on  the  mailing  list  who  are  residents  of  the 
county  concerned,  and  to  any  one  else  upon  request. 

Each  county  report  is  intended  to  be  as  nearly  complete  in  itself  as  it 
is  practicable  to  make  it,  and,  even  at  the  expense  of  some  repetition,  each 
will  contain  a general  discussion  of  important  fundamental  principles  in  order 
to  help  the  farmer  and  landowner  understand  the  meaning  of  the  soil  fer- 
tility invoice  for  the  lands  in  which  he  is  interested.  In  Soil  Report  No.  1, 
“Clay  County  Soils,”  this  discussion  serves  in  part  as  an  introduction,  while 
in  this  and  other  reports,  it  will  be  found  in  the  Appendix ; but  if  necessary  it 
should  be  read  and  studied  in  advance  of  the  report  proper. 


McLEAN  COUNTY  SOILS 

By  CYRIL  G.  HOPKINS,  J.  G.  MOSIER,  E.  VAN  ALSTINE,  and  F.  W.  GARRETT 


McLean  county  is  located  in  the  central  part  of  Illinois  in  the  early  Wiscon- 
sin glaciation.  The  general  topography  is  undulating  to  slightly  rolling,  tho  an 
area  in  the  northwestern  part  of  the  county  along  the  Mackinaw  river  is  in  part 
badly  broken. 

The  difference  in  topography  is  due  to  two  causes — glacial  action  and  stream 
erosion.  This  county  was  covered  by  two  ice  sheets  during  the  Glacial  period. 
At  that  time  snow  and  ice  accumulated  in  the  region  of  Labrador  and  to  the  west 
of  Hudson  Bay  to  such  an  amount  that  it  pushed  southward  until  a point  was 
reached  where  the  ice  melted  as  rapidly  as  it  advanced.  In  moving  across  the 
country,  the  ice  gathered  up  all  sorts  and  sizes  of  material,  including  clay,  silt, 
sand,  gravel,  boulders,  and  even  large  masses  of  rock.  Many  of  these  were  car- 
ried for  hundreds  of  miles  and  rubbed  against  the  surface  rocks  or  against  each 
other  until  ground  into  powder.  When  the  limit  of  advance  was  reached  by  the 
melting  of  the  ice,  this  material  accumulated  in  a broad  undulating  ridge,  or  mo- 
raine. When  the  ice  melted  away  more  rapidly  than  the  glacier  advanced,  the 
terminus  of  the  glacier  would  recede  and  leave  this  material  deposited  somewhat 
uniformly  over  the  tract,  marking  the  area  previously  covered  by  the  ice  sheet. 
Other  advances  occurred  which  built  up  other  moraines.  The  intervening  intermo- 
rainal  tracts  are  occupied  chiefly  by  level,  undulating,  or  slightly  rolling  plains. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Graftites,  limestones,  sandstones,  shales,  et  cetera, 
were  mixed  and  ground  up  together.  This  mixture  of  all  kinds  of  material — 
boulders,  clay,  silt,  sand,  and  gravel — is  called  boulder  clay,  till,  glacial  drift,  or 
simply  drift.  The  grinding  and  denuding  power  of  glaciers  is.  enormous.  A 
mass  of  ice  100  feet  thick  exerts  a pressure  of  40  pounds  per  square  inch,  and  this 
ice  sheet  may  have  been  thousands  of  feet  in  thickness.  The  materials  carried 
along  in  this  mass  of  ice,  especially  the  boulders  and  pebbles,  became  powerful 
agents  for  grinding  and  wearing  away  the  surface  over  which  the  ice  passed. 
Preglacial  ridges  and  hills  were  rubbed  down,  valleys  were  filled  with  the  debris, 
and  the  surface  features  were  changed  entirely. 

McLean  county  was  first  covered  by  the  Illinois  glacier,  which  did  its  share 
toward  leveling  the  region  and  covering  it  with  a deposit  of  boulder  clay.  After 
this  a long  period  elapsed,  during  which  a soil  known  as  the  Sangamon  soil  was 
formed  from  this  glacial  deposit.  Then  another  advance  occurred,  known  as  the 
Iowan  glacier.  This  glacier  did  not  reach  McLean  county,  but  after  its  melt- 
ing the  state  was  covered  with  a deposit  of  wind-blown  loess,  which  buried  the 
old  soil  that  was  formed  from  the  Illinois  glacial  drift.  A new  soil  was  formed 
from  the  loess,  and  after  a long  period  had  elapsed  another  ice  advance  oc- 
curred— the  early  Wisconsin  glacier.  This  covered  the  entire  county,  bringing 
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with  it  immense  quantities  of  the  material  which  now  covers  the  county  to  an 
average  depth  of  200  feet  and  in  many  places  reaches  a depth  of  250  feet.  The 
outer  limit  of  this  glaciation,  known  as  the  Shelby ville  moraine,  extends  to  the 
south-western  corner  of  McLean  county.  (See  the  state  soil  map  in  Bulletin  123.) 

The  early  Wisconsin  glacier  advanced  and  receded  in  this  county  at  least 
three  different  times,  building  up  terminal  moraines  with  each  advance.  The 
largest  of  these  is  the  Bloomington  moraine,  wdiich  in  the  western  two-thirds  of 
the  county  is  made  up  of  a double  ridge,  coalescing  as  it  reaches  the  eastern  part. 
This  double  ridge  indicates  two  distinct  glacial  advances.  Another  moraine, 
known  as  the  Cropsey  ridge,  occurs  in  the  northeastern  part  of  the  county.  A 
small  spur  from  the  Champaign  moraine  extends  into  the  southeastern  corner  of 
the  county,  and  it  is  likely  that  the  extension  of  this  was  covered  by  the  Bloom- 
ington moraine,  which  is  about  100  feet  higher  than  the  area  to  the  south.  The 
intermorainal  tracts  are  naturally  poorly  drained.  They  were  formerly  occupied 
by  swamps,  which  have  required  much  artificial  drainage. 

Physiography 

The  altitude  of  McLean  county  varies  from  600  to  about  900  feet  above  sea 
level,  with  an  average  of  approximately  750  feet.  The  highest  point,  920  feet, 
is  on  the  Bloomington  moraine  near  the  center  of  Township  23  North,  Range  4 
East.  The  altitude  of  some  of  the  points  are  as  follows:  Arrowsmith,  877  feet; 
Bellflower,  784 ; Bloomington,  821 ; Chenoa,  723 ; Colfax,  742 ; Cropsey,  802 ; Dan- 
vers, 808;  Downs,  794;  Ellsworth,  863;  Funk’s  Grove,  694;  Gillum,  820;  Gridley, 
752;  Hudson,  768;  Lexington,  746;  Leroy,  780;  McLean,  708;  Normal,  790;  Say- 
brook,  786;  Weedman,  725. 

The  county  is  divided  into  four  drainage  areas : the  Mackinaw  in  the  north 
and  northwest,  the  Sangamon  in  the  east,  Rooks  creek,  a branch  of  the  Vermilion, 
in  the  northeast,  and  Sugar  creek  and  its  branches  in  the  south  and  southwest. 
All  these  streams,  however,  flow  into  the  Illinois  river.  Drainage  is  naturally 
well  developed  in  the  western  half  of  the  county. 

Soil  Material  and  Soil  Types 

The  early  Wisconsin  glacier  left  extensive  deposits  of  boulder  clay  over  the 
county,  but  the  soils  as  a general  rule  are  not  formed  from  this  material.  After 
the  Wisconsin  glacier,  the  county  was  again  covered  by  a deposit  of  fine  wind- 
blown material,  loessial  in  character,  varying  from  2 to  7 feet  in  depth,  and  it  is 
from  this  loess  that  the  soil  has  generally  been  formed.  In  very  small  areas  on 
some  of  the  more  rolling  parts,  this  fine  material  has  been  removed  to  such  an 
extent  that  the  exposed  boulder  clay  may  constitute  the  soil  material. 

The  soils  of  the  county  are  divided  into  four  classes,  as  follows : 

(a)  Upland  prairie  soils,  rich  in  organic  matter.  These  were  originally 
covered  with  wild  prairie  grasses,  the  partially  decayed  roots  of  which  have  been 
the  source  of  the  organic  matter.  The  flat  prairie  land  contains  the  higher 
amount  of  this  constituent  because  the  grasses  and  roots  grew  more  luxuriantly 
there,  and  the  higher  moisture  content  preserved  them  from  complete  decay. 

(b)  Upland  timber  soils,  including  those  zones  along  stream  courses  over 
which  for  a long  period  of  time  forests  once  extended.  These  soils  contain  much 
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Table  1. — Soil  Types  of  McLean  County 


Soil 

type 

No. 

Name  of  type 

Area 
in  square 
miles 

Area 
in  acres 

Percent 
of  total 
area 

926  ) 
1126  \ 
1120 
1120.2 
1128 
990  ) 
1190  \ 

(a)  Upland  Prairie  Soils  (page  24) 

Brnwn  silt  loam  

847  38  542  393  9 

72.602 

14.474 

.345 

.207 

.012 

Black  clay  loam 

168.69 

4.04 

2.42 

.15 

107  961.6 
2 585.6 
1 548.8 

96.0 

Gravelly  black  clay  loam 

Brown -gray  silt  loam  on  tight,  clay 

934  ) 

1134  f 

935  j 

1135  ) 

(b)  Upland  Timber  Soils  (page  29) 

Yellow-gray  silt  loam  

73.42 

27.43 

46  988.8 
17  555.2 

6.227 

2.357 

Yellow  silt  loam  

1527 

1526.2 

1534.2 

(c)  Terrace  Soils  (page  37) 

Brown  silt  loam  over  gravel  

.26 

1.77 

.97 

166.4 
1 132.8 
620.8 

.002 

.152 

.083 

Brown  silt  loam  on  gravel 

Yellow-gray  silt  loam  on  gravel  

1401 

1426 

1454 

(d)  Swamp  and  Bottom-Land  Soils  (page  38) 
Deep  peat  

.13 

23.88 

18.06 

83.2 
15  283.2 
11  558.4 

.011 

2.008 

1.520 

Deep  brown  silt  loam 

VTivcd  loam  

Total  | 1 168.60 

747  904.0 

100.000 

less  organic  matter,  because  the  large  roots  of  dead  trees  and  the  surface  accu- 
mulations of  leaves,  twigs,  and  fallen  trees  were  burned  by  forest  fires  or  suffered 
almost  complete  decay.  The  timber  lands  are  divided  chiefly  into  two  classes — 
the  undulating  and  the  hilly  areas. 

(c)  Terrace  soils.  These  have  been  formed  by  deposits  from  flooded 
streams  overloaded  with  coarse  sediment  at  the  time  of  the  melting  of  the  glacier. 
Finer  deposits  which  were  later  made  upon  the  coarse  gravelly  material  now  con- 
stitute the  soil. 

(d)  Swamp  and  bottom  lands,  which  include  the  flood  plains  along  streams 
and  some  small  peaty  swamp  areas. 

Table  1 gives  the  area  of  each  type  of  soil  in  the  county  and  its  percentage 
of  the  total  area.  It  will  be  observed  that  72 y2  percent  of  the  area  consists  of 
brown  silt  loam,  141/2  percent  of  black  clay  loam,  and  6 percent  of  yellow-gray 
silt  loam,  these  three  types  covering  93  percent  of  the  county.  The  accompany- 
ing maps  show  the  location  and  boundary  lines  of  every  type  of  soil  in  the  county, 
even  down  to  areas  of  a few  acres. 

THE  INVOICE  AND  INCREASE  OF  FERTILITY  IN  McLEAN 

COUNTY  SOILS 

Soil  Analysis 

In  order  to  avoid  confusion  in  applying  in  a practical  way  the  technical 
information  contained  in  this  report,  the  results  are  given  in  the  most  simplified 
form.  The  composition  reported  for  a given  soil  type  is,  as  a rule,  the  average 
of  many  analyses,  which,  like  most  things  in  nature,  show  more  or  less  variation ; 
but  for  all  practical  purposes  the  average  is  most  trustworthy  and  sufficient. 
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(See  Bulletin  123,  which  reports  the  general  soil  survey  of  the  state,  together 
with  many  hundred  individual  analyses  of  soil  samples  representing  twenty-five 
of  the  most  important  and  most  extensive  soil  types  in  the  state.) 

The  chemical  analysis  of  a soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but,  as  explained  in  the  Appendix, 
the  rate  of  liberation  is  governed  by  many  factors.  Also,  as  there  stated,  prob- 
ably no  agricultural  fact  is  more  generally  known  by  farmers  and  landowners 
than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at  the 
same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same  kind 
of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by  the 
same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as  the 
poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the  fact 
should  be  repeated  and  emphasized  that  the  productive  power  of  normal  soil 
in  humid  sections  depends  upon  the  stock  of  plant  food  contained  in  the  soil 
and  upon  the  rate  at  which  it  is  liberated. 

The  fact  may  be  repeated,  too,  that  crops  are  not  made  out  of  nothing.  ' 
They  are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which 
is  absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  plants,  only  one  (hydrogen)  from  water,  while  seven  are 
secured  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secpxed,  from  the  air  by  one  class  of  plants 
(legumes)  in  case  the  amount  liberated,  from  the  soil  is  insufficient.  But  even 
the  leguminous  plants  (which  include  the  clovers,  peas,  beans,  alfalfa,  and 
vetches),  in  common  with  other  agricultural  plants,  secure  from  the  soil  alone 
six  elements  (phosphorus,  potassium,  magnesium,  calcium,  iron,  and  sulfur)  and 
also  utilize  the  soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during 
their  period  of  growth. 

Table  A in  the  Appendix  shows  the  requirements  of  large  crops  for  the  five 
most  important  plant-food  elements  which  the  soil  must  furnish.  (Iron  and 
sulfur  are  supplied  normally  from  natural  sources  in  sufficient  abundance,  com- 
pared with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit 
the  yield  of  common  farm  crops.) 

In  Table  2 are  reported  the  amounts  of  organic  carbon  (the  best  measure  of 
the  organic  matter)  and  the  total  amounts  of  the  five  important  elements  of  plant 
food  contained  in  2 million  pounds  of  the  surface  soil  of  each  type, — the  plowed 
soil  of  an  acre  about  6%  inches  deep.  In  addition,  the  table  shows  the  amount 
of  limestone  present,  if  any,  or  the  soil  acidity  as  measured  by  the  amount  of 
limestone  required  to  neutralize  the  acidity  existing  in  the  soil. 

The  soil  to  the  depth  indicated  includes  at  least  as  much  as  is  ordinarily 
turned  with  the  plow,  and  represents  that  part  with  which  the  farm  manure, 
limestone,  phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incor- 
porated. It  is  the  soil  stratum  that  must  be  depended  upon  in  large  part  to 
furnish  the  necessary  plant  food  for  the  production  of  crops,  as  will  be  seen  from 
the  information  given  in  the  Appendix.  Even  a rich  subsoil  has  little  or  no 
value  if  it  lies  beneath  a worn-out  surface,  for  the  weak,  shailow-rooted  plants 
will  be  unable  to  reach  the  supply  of  plant  food  in  the  subsoil.  If,  however, 
the  fertility  of  the  surface  soil  is  maintained  at  a high  point,  then  the  plants, 
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with  a vigorous  start  from  the  rich  surface  soil,  can  draw  upon  the  subsurface 
and  subsoil  for  a greater  supply  of  plant  food. 

By  easy  computation  it  will  be  found  that  the  most  common  prairie  soil  of 
McLean  county  does  not  contain  more  than  enough  total  nitrogen  in  the  plowed 
soil  for  the  production  of  maximum  crops  for  forty  years,  while  the  upland 
timber  soils  contain,  as  an  average,  much  less  nitrogen  than  the  prairie  land. 

With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  more  than 
eight-tenths  of  the  soil  area  of  the  county  containing  no  more  of  that  element 
than  would  be  required  for  fifteen  crop  rotations  if  such  yields  were  secured  as 
are  suggested  in  Table  A of  the  Appendix.  It  will  be  seen  from  the  same  table 
that  with  the  cereals  about  three-fourths  of  the  phosphorus  taken  from  the  soil  is 
deposited  in  the  grain,  while  only  one-fourth  remains  in  the  straw  or  stalks. 

On  the  other  hand,  the  potassium  is  sufficient  for  28  centuries  if  only  the 
gram  is  sold,  or  for  450  years  even  if  the  total  crops  should  be  removed  and 
nothing  returned.  The  corresponding  figures  are  about  2,000  and  500  years  for 
magnesium,  and  about  9,000  and  200  years  for  calcium.  Thus,  when  measured 
by  the  actual  crop  requirements  for  plant  food,  potassium  is  no  more  limited 
than  magnesium  and  calcium ; and  as  explained  in  the  Appendix,  with  magne- 
sium, and  more  especially  with  calcium,  we  must  also  consider  the  fact  that  loss 
by  leaching  is  far  greater  than  by  cropping. 

These  general  statements  relating  to  the  total  quantities  of  plant  food  in 
the  plowed  soil  certainly  emphasize  the  fact  that  the  supplies  of  some  of  these 
necessary  elements  of  fertility  are  extremely  limited  when  measured  by  the  needs 
of  large  crop  yields  for  even  one  or  two  generations  of  people,  and,  with  a popu- 
lation increasing  by  more  than  20  percent  each  decade,  the  future  needs  of  the 


Table  2. — Fertility  in  the  Soils  of  McLean  County,  Illinois 
Average  pounds  per  acre  in  2 million  pounds  of  surface  soil  (about  0 to  6%  inches) 


Soil 

Total 

Total 

Total 

Total  Total 

Total 

Lime- 

1  Soil 

type 

Soil  type 

organic 

nitro- 

phos- 

potas- magne- 

cal- 

stone 

acid- 

No. 

carbon 

gen 

phorus 

sium  | sium 

cium 

present 

ity 

Upland  Prairie  Soils 


1126 

Brown  silt  loam 

57  410 

4 S70 

1 120 

36  640] 

8 350  j 

9 560 

60 

1120 

Black  clay  loam 

91  370 

8 160 

2 000 

34  210 

16  580  | 

31  240 

Often 

Barely 

1120.2 

Gravelly  black  clay  loam . 

65  180 

6 020 

1 620 

32  520 

23  920 

74  740 

170  760 

1128 

Brown-gray  silt  loam  on 

tight  clay  

47  880 

4 200 

1 380 

36  220 

6 780 

7 300 

120 

1190 

Gravelly  loam  

32  520 

3 040 

1 000 

35  240 

8 240  ! 

6 780 

20 

Upland  Timber  Soils 


1134 

Yellow-gray  silt  loam.  . . 

33  670 

2 940  1 050  35  910 

6 220 

7 820 

60 

1135 

Yellow  silt  loam 

17  780 

1 650  ! 750  1 35  440 

7 330 

6 420 

! 150 

Terrace  Soils 


1527 

1526.2 

Brown  silt  loam  over 

gravel  

Brown  silt  loam  on  gravel 

65  180 
41  930 

5 980 
3 770 

1 420 
1 080 

36  180 
38  430 

8 700 
8 050 

7 140 
7 480 

40 

40 

1534.4 

Yellow-gray  silt  loam  on 
gravel  

35  520 

3 660 

1 080 

37  000 

6 700 

7 880 

20 

Swamp  and  Bottom-Land  Soils 


1401 

Deep  peat 

318  850 

29  530 

2 710 

6 240 | 5 610 

33  460 

3 930 

1426 

Deep  brown  silt  loam . . . 

79  940 

6 620 

2 120 

38  980  11  260 

16  500 

60 

1454 

Mixed  loam  

65  760 

5 980 

1 760 

42  620  14  080 

20  100 

8 120 
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people  dependent  upon  the  corn  belt  are  likely  to  be  far  greater  than  the  re- 
quirements of  the  past,  and  soil  fertility  and  crop  yields  should  not  decrease  but 
increase. 

In  the  production  of  general  farm  crops,  McLean  is  now  the  leading  county 
in  the  United  States.  The  only  rival  counties  for  the  position  of  greatest  in  agri- 
culture are  Los  Angeles,  Cal.,  and  Lancaster,  Pa.  The  crop  values  reported  for 
these  counties  by  the  latest  United  States  census  (for  1909)  are  as  follows: 


1 

County 

Value  of 
all 

crops 

Value  of  all 
crops  except 
tobacco,  vegetables, 
fruits,  and  nuts 

Los  Angeles,  California  

$14  720  884 
13  059  588 

$6  734  259 
8 617  170 
12  690  404 

Lancaster,  Pennsylvania  

McLean,  Illinois 

12  811  50G 

McLean  county  produced  16  million  bushels  of  corn  in  1909,  while  8 million 
were  produced  in  the  six  New  England  states,  less  than  10  million  in  the  eleven 
Western  states,  18  million  in  Maryland,  21  million  in  South  Carolina,  39  mil- 
lion in  Georgia,  and  390  million  in  Illinois.  And  yet  McLean  county  produced 
but  little  more  than  half  a crop,  measured  by  its  normal  climatic  possibilities  un- 
der rational  systems  of  soil  improvement.  The  ten-year  average  yield  of  corn  for 
McLean  county  is  39  bushels  per  acre,  according  to  the  Statistical  Reports  of  the 
Illinois  State  Board  of  Agriculture  for  the  years  1905  to  1914.  During  the  same 
ten  years  the  average  acre-yield  was  78.3  bushels  on  the  University  of  Illinois 
North  Farm  at  Urbana,  where  organic  manures,  limestone,  and  phosphorus  had 
been  applied.  (See  records  of  Plots  6 and  7,  Tables  3 and  4,  pages  10  and  11.) 
Such  results  should  induce  careful  study  of  the  individual  farm  with  its  particu- 
lar soil  type  or  types,  in  order  that  the  best  methods  may  be  adopted  for  soil  im- 
provement and  preservation. 

The  variation  among  the  different  types  of  soil  in  McLean  county  with  re- 
spect to  their  content  of  important  plant-food  elements  is  very  marked.  Thus  the 
richest  prairie  land  (black  clay  loam)  contains  from  three  to  five  times  as  much 
nitrogen  and  twice  as  much  phosphorus  as  the  common  upland  timber  soils ; and 
the  deep  peat  soil  contains  eighteen  times  as  much  nitrogen  but  only  one-sixth  as 
much  potassium  as  the  yellow  silt  loam.  The  most  significant  facts  revealed  by 
the  investigation  of  the  McLean  county  s oils  are  the  lack  of  limestone  and  the 
low  phosphorus  content  of  the  common  prairie  soil  and  of  the  most  extensive  tim- 
ber type,  which  combined  cover  nearly  80  percent  of  the  entire  county.  And  yet 
both  of  these  deficiencies  can  be  overcome  at  relatively  small  expense  by  the  ap- 
plication of  ground  limestone  and  fine-ground  raw  rock  phosphate;  and,  after 
these  are  provided,  clover  can  be  grown  with  more  certainty  and  in  greater  abun- 
dance, and  nitrogen  can  thus  be  secured  from  the  inexhaustible  supply  in  the  air. 
If  the  clover  is  then  returned  to  the  soil,  either  directly  or  in  farm  manure,  the 
combined  effect  of  limestone,  phosphorus,  and  nitrogenous  organic  matter,  with 
a good  rotation  of  crops,  will  in  time  double  the  yield  of  corn  and  other  crops 
on  most  farms. 

Fortunately,  some  definite  field  experiments  have  already  been  conducted  on 
brown  silt  loam,  the  most  extensive  type  of  soil  in  the  early  Wisconsin  glaciation, 
as  at  Urbana  in  Champaign  county,  at  Sibley  in  Ford  county,  and  at  Bloomington 
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in  McLean  county.  Before  considering  in  detail  the  individual  soil  types,  it 
seems  advisable  to  study  some  of  the  results  already  obtained  where  definite 
systems  of  soil  improvement  have  been  tried  out  on  some  of  these  experiment 
fields  in  different  parts  of  central  Illinois. 

Results  of  Field  Experiments  at  Urbana 

A three-year  rotation  of  corn,  oats,  and  clover  was  begun  on  the  North  Farm 
at  the  University  of  Illinois  in  1902,  on  three  fields  of  typical  brown  silt  loam 
prairie  land  which,  after  twenty  years  or  more  of  pasturing,  had  grown  corn  in 
1895,  1896,  and  1897  (when  careful  records  were  kept  of  the  yields  produced), 
and  had  then  been  cropped  with  clover  and  grass  on  one  field  (Series  100),  oats 
on  another  (Series  200),  and  oats,  cowpeas,  and  corn  on  the  third  field  (Series 
300)  until  1901. 

From  1902  to  1910  the  three-year  rotation  (with  cowpeas  in  place  of  clover 
in  1902)  was  followed;  the  average  yields  are  recorded  in  Table  3.  A small  crop 
of  cowpeas  in  1902  and  a partial  crop  of  clover  in  1904  constituted  all  the  hay 
harvested  during  the  first  rotation,  mammoth  clover  grown  in  1903  having  lodged 
so  that  it  was  plowed  under.  (The  yields  were  taken  by  carefully  weighing  the 
clover  from  small  representative  areas,  but  while  the  differences  were  thus  ascer- 
tained and  properly  credited  temporarily  to  the  different  soil  treatments,  they 
must  ultimately  reappear  in  subsequent  crop  yields,  and  consequently  the  1903 
clover  crop  is  omitted  from  Table  3 in  computing  yields  and  values.)  The  aver- 
age yields  given  represent  one-third  of  the  two  small  crops. 

From  1902  to  1907  legume  cover  crops  (Le),  such  as  cowpeas  and  clover, 
were  seeded  in  the  corn  at  the  last  cultivation  on  Plots  2,  4,  6,  and  8,  but  the 
growth  was  small  and  the  effect,  if  any,  was  to  decrease  the  returns  from  the 
regular  crops.  Since  1907  crop  residues  (R)  have  been  returned  to  those  plots. 
These  consist  of  the  stalks  of  corn,  the  straw  of  small  grains,  and  all  legumes 
except  alfalfa  hay  and  the  seed  of  clover  and  soybeans. 

On  Plots  3,  5,  7,  and  9,  manure  (M)  was  applied  for  corn  at  the  rate  of 
6 tons  per  acre  during  the  second  rotation,  and  subsequently  as  many  tons  of 
manure  have  been  applied  as  there  were  tons  of  air-dry  produce  harvested  from 
the  corresponding  plots. 

Lime  (L)  was  applied  on  Plots  4 to  10  at  the  rate  per  acre  of  250  pounds 
of  air-slaked  lime  in  1902  and  600  pounds  of  limestone  in  1903.  Subsequently 
2 tons  per  acre  of  limestone  was  applied  to  these  plots  on  Series  100  in  1911,  on 
Series  200  in  1912,  on  Series  300  in  1913,  and  on  Series  400  in  1914;  also  2 y2 
tons  per  acre  on  Series  500  in  1911,  two  more  fields  having  been  brought  into 
rotation,  as  explained  on  page  8. 

Phosphorus  (P)  has  been  applied  on  Plots  6 to  9 at  the  rate  of  25  pounds  per 
acre  per  annum  in  200  pounds  of  steamed  bone  meal ; but  beginning  with  1908, 
one  half  of  each  phosphorus  plot  has  received  600  pounds  of  rock  phosphate  in 
place  of  the  200  pounds  of  bone  meal,  the  usual  practice  being  to  apply  and  plow 
under  at  one  time  all  phosphorus  and  potassium  required  for  the  rotation. 

Potassium  (K=kalium)  has  been  applied  on  Plots  8 and  9 at  the  yearly 
rate  of  42  pounds  per  acre  in  100  pounds  of  potassium  sulfate,  regularly  in  con- 
nection with  the  bone  meal  and  rock  phosphate. 

On  Plot  10  about  five  times  as  much  manure  and  phosphorus  are  applied 
as  on  the  other  plots,  bat  this  “extra  heavy”  treatment  was  not  begun  until 
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1906,  only  the  usual  lime,  phosphorus,  and  potassium  having  been  applied  in 
previous  years.  The  purpose  in  making  these  heavy  applications  is  to  try  to 
determine  the  climatic  possibilities  in  crop  yields  by  removing  the  limitations 
of  inadequate  fertility. 

Series  400  and  500  were  cropped  in  corn  and  oats  from  1902  to  1910,  but 
the  corresponding  plots  were  treated  the  same  as  in  the  three-year  rotation. 
Beginning  with  1911,  the  five  series  have  been  used  for  a combination  rotation, 
wheat,  corn,  oats,  and  clover  being  rotated  for  five  years  on  four  fields,  while 
alfalfa  occupies  the  fifth  field,  which  is  then  to  be  brought  under  the  four-crop 
system  to  make  place  for  alfalfa  on  one  of  the  other  fields  for  another  five-year 
period,  and  so  on.  (See  Table  4.) 

From  1911  to  1914  soybeans  were  substituted  three  years  because  of  clover  . 
failure;  accordingly  three-fourths  of  the  soybeans  and  one-fourth  of  the  clover 
are  used  to  compute  values.  Alfalfa  from  the  1911  seeding  so  nearly  failed  that 
after  cutting  one  crop  in  1912  the  field  was  plowed  and  reseeded.  The  average 
yield  reported  for  alfalfa  in  Table  4 is  one-fourth  of  the  combined  crops  of  1912, 
1913,  and  1914. 

The  “ higher  prices”  allowed  for  produce  are  $1  a bushel  for  wheat  and 
soybeans,  50  cents  for  corn,  40  cents  for  oats,  $10  for  clover  seed,  and  $10  a ton 
for  hay;  while  the  “lower  prices”  are  70  percent  of  these  values,  or  70  cents 


Plate  1. — Clover  in  1913  on  Urbana  Field 
Farm  Manure  Applied 
Yield,  1.43  Tons  per  Acre 
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for  wheat  and  soybeans,  35  cents  for  corn,  28  cents  for  oats,  $7  for  clover  seed, 
and  $7  a ton  for  hay.  The  double  set  of  values  is  used  to  emphasize  the  fact 
that  a given  practice  may  or  may  not  be  profitable,  depending  upon  the  prices 
of  farm  produce.  The  lower  prices  are  conservative,  and  unless  otherwise  stated, 
they  are  the  values  regularly  used  in  the  discussion  of  results.  It  should  be 
understood  that  the  increase  produced  by  manures  and  fertilizers  requires  in- 
creased expense  for  binding  twine,  shocking,  stacking,  baling,  threshing,  haul- 
ing, storing,  and  marketing.  Measured  by  the  average  Illinois  prices  for  the 
past  ten  years,  these  lower  values  are  high  enough  for  farm  crops  standing  in 
the  field  ready  for  the  harvest. 

The  cost  of  limestone  delivered  at  the  farmers’  railroad  station  in  carload 
lots  averages  about  $1.25  per  ton.  Steamed  bone  meal  in  carloads  costs  from 
$25  to  $30  per  ton.  Fine-ground  raw  rock  phosphate  confining  from  260  to 
280  pounds  of  phosphorus,  or  as  much  as  the  bone  meal  contains,  ton  for  ton, 
but  in  less  readily  available  form,  usually  costs  the  farmer  from  $6.50  to  $7.50  per 
ton  in  carloads.  (Acid  phosphate  carrying  half  as  much  phosphorus,  but  in 
soluble  form,  commonly  costs  from  $15  to  $17  per  ton  delivered  in  carload  lots 
in  central  Illinois.)  Under  normal  conditions  potassium  costs  about  6 cents  a 
pound,  or  $2.50  per  acre  per  annum  for  the  amount  applied  in  these  experi- 
ments, the  same  as  the  cost  of  200  pounds  of  steamed  bone  meal  at  $25  per  ton. 


Plate  2. — Clover  in  1913  on  Urbana  Field 
Farm  Manure,  Limestone,  and  Phosphorus  Applied 
Yield,  2.90  Tons  per  Acre 
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Table  4. — Yields  per  Acre,  Four- year  Averages,  1911-1914:  Urbana  Field 
Brown  Silt  Loam  Prairie;  Early  Wisconsin  Glaciation 


Serial 

plot 

No. 

Soil 

treat- 

ment 

Wheat, 

bu. 

Corn, 

bu. 

Oats, 

bu. 

Soybeans-3, 
tons  (bu.) 

Clover-1, 
tons  (bu.) 

Alfalfa, 

tons 

Value  of  5 crops 

Lower 

prices 

Higher 

prices 

0 

18.3 

50.8 

39.8 

1.60 

1.70 

1.70 

$65.00 

$92.87 

2 

R 

19.7 

53.8 

40.6 

(20.1) 

( .74) 

1.27 

64.72 

92.47 

3 

M 

20.3 

59.3 

48.8 

1.60 

1.43 

1.13 

67.44 

96.35 

4 

RL 

22.3 

55.7 

42.8 

(19.0) 

(1.03) 

1.19 

67.20 

96.00 

5 

ML 

24.9 

58.6 

51.6 

1.66 

1.94 

1.67 

76.19 

108.S4 

6 

RLP .... 

37.4 

62.2 

58.7 

(21.0) 

(2.48) 

2.69 

98.58 

140.83 

7 

MLP.  . . . 

36.6 

63.8 

60.9 

1.88 

2.90 

2.63 

98.36 

140.51 

8 

RLPK.  . . 

36.1 

58.9 

59.1 

(22.2) 

(1.41) 

2.58 

94.61 

135.16 

9 

MLPK.  . 

35.3 

59.6 

65.1 

2.09 

2.72 

2.66 

98.15 

140.22 

10 

MxLPx.  . 

43.5 

55.7 

67.2 

2.14 

2.94 

1 2.84 

105.02 

150.03 

To  these  cash  investments  must  be  added  the  expense  of  hauling  and  spread- 
ing the  materials.  This  will  vary  with  the  distance  from  the  farm  to  the  rail- 
road station,  with  the  character  of  roads,  and  with  the  farm  force  and  the  imme- 
diate requirements  of  other  lines  of  farm  work.  It  is  the  part  of  wisdom  to  order 
such  materials  in  advance  to  be  shipped  when  specified,  so  that  they  may  be  re- 
ceived and  applied  when  other  farm  work  is  not  too  pressing  and,  if  possible, 
when  the  roads  are  likely  to  be  in  good  condition. 

The  practice  of  seeding  legume  cover  crops  in  the  cornfield  at  the  last  culti- 
vation where  oats  are  to  follow  the  next  year  has  not  been  found  profitable,  as  a 
rule,  on  good  corn-belt  soil ; but  the  returning  of  the  crop  residues  to  the  land 
may  maintain  the  nitrogen  and  organic  matter  equally  as  well  as  the  hauling  and 
spreading  of  farm  manure, — and  this  makes  possible  permanent  systems  of  farm- 
ing on  grain  farms  as  well  as  on  live-stock  farms,  provided,  of  course,  that  other 
essentials  are  supplied.  ( Clover  with  oats  or  wheat,  as  a cover  crop  to  be  plowed 
under  for  corn,  often  gives  good  results.) 

At  the  lower  prices  for  produce,  manure  (6  tons  per  acre)  was  worth  $1.05 
a ton  as  an  average  for  the  first  three  years  it  was  applied  (1905  to  1907).  The 
next  rotation  the  average  application  of  10.21  tons  per  acre  on  Plot  3 was  worth 
$10.09,  or  99  cents  a ton.  The  last  four  years,  1911  to  1914,  the  average  amount 
applied  (once  for  the  rotation)  on  Plot  3 was  11.35  tons  per  acre,  worth  $6.42, 
or  57  cents  a ton,  as  measured  by  its  effect  on  the  wheat,  corn,  oats,  soybeans, 
and  clover.  Thus,  as  an  average  of  the  ten  years’  results,  the  farm  manure  ap- 
plied to  Plot  3 has  been  worth  84  cents  a ton  on  common  corn-belt  prairie  soil, 
with  a good  crop  rotation  including  legumes.  During  the  last  rotation  period 
moisture  has  been  the  limiting  factor  to  such  an  extent  as  probably  to  lessen  the 
effect  of  the  manure. 

Aside  from  the  crop  residues  and  manure,  each  addition  affords  a duplicate 
test  as  to  its  effect.  Thus  the  effect  of  limestone  is  ascertained  by  comparing  Plots 
4 and  5,  not  with  Plot  1,  but  with  Plots  2 and  3 ; and  the  effect  of  phosphorus  is 
ascertained  by  comparing  Plots  6 and  7 with  Plots  4 and  5,  respectively. 

As  a general  average,  the  plots  receiving  limestone  have  produced  $1.22  an 
acre  a year  more  than  those  without  limestone,  and  this  corresponds  to  more  than 
$6  a ton  for  all  of  the  limestone  applied;  but  the  amounts  used  before  1911 
were  so  small  and  the  results  vary  so  greatly  with  the  different  plots,  crops,  and 
seasons  that  final  conclusions  cannot  be  drawn  until  further  data  are  secured, 
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the  first  2-ton  applications  having  been  completed  only  for  1914.  However,  all 
comparisons  by  rotation  periods  show  some  increase  for  limestone,  varying  from 
82  cents  on  three  acres  (Plot  4)  during  the  first  rotation,  to  $8.75  on  five  acres 
(Plot  5)  as  an  average  of  the  last  four  years;  and  the  need  of  limestone  for  best 
results  and  highest  profits  seems  well  established. 

As  an  average  of  duplicate  trials  (Plots  6 and  7),  phosphorus  in  bone  meal 
produced  increases  valued  at  $1.92  per  acre  per  annum  for  the  first  three  years 
and  at  $4.67  for  the  next  three ; and  the  corresponding  subsequent  average  in- 
creases from  bone  meal  and  raw  phosphate  (one-half  plot  of  each)  were  $5.12  for 
the  third  rotation  and  $5.36  for  the  last  four  years,  1911  to  1914.  The  annual 
expense  per  acre  for  phosphorus  is  $2.80  in  bone  meal  at  $28  a ton,  or  $2.10  for 
rock  phosphate  at  $7  a ton. 

Potassium,  applied  at  an  estimated  cost  of  $2.50  an  acre  a year,  seemed  to 
produce  slight  increases,  as  an  average,  during  the  first  and  second  rotations; 
but  subsequently  those  increases  have  been  slightly  more  than  lost  in  reduced 
average  yields,  the  net  result  to  date  being  an  average  loss  of  $2.53  per  acre 
per  annum,  including  the  cost  of  the  potassium. 

Thus  phosphorus  nearly  paid  its  cost  during  the  first  rotation,  and  has  sub- 
sequently paid  its  annual  cost  and  about  100  percent  net  profit;  while  potassium, 
as  a general  average,  has  produced  no  effect,  and  money  spent  for  its  applica- 


Plate  3. — Clover  on  Urban  a Field,  South  Farm 
Crop  Residues  Plowed  Under 
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tion  has  been  lost.  These  field  results  are  in  harmony  with  what  might  well  be 
expected  on  land  naturally  containing  in  the  plowed  soil  of  an  acre  only  about 
1,200  pounds  of  phosphorus  and  more  than  36,000  pounds  of  potassium. 

The  total  value  of  five  average  crops  harvested  from  the  untreated  land  dur- 
ing the  last  four  years  is  $65.  Where  limestone  and  phosphorus  have  been  used 
together  with  organic  manures  (either  crop  residues  or  farm  manure),  the  cor- 
responding value  exceeds  $98.  Thus  200  acres  of  the  properly  treated  land 
would  produce  as  much  in  crops  and  in  value  as  300  acres  of  the  untreated  land. 

The  excessive  applications  on  Plot  10  have  usually  produced  rank  growth 
of  straw  and  stalk,  with  the  result  that  oats  have  often  lodged  badly  and  corn 
has  frequently  suffered  from  drouth  and  eared  poorly.  Wheat,  however,  has 
as  an  average  yielded  best  on  this  plot.  The  largest  yield  of  corn  on  Plot  10  was 
118  bushels  per  acre  in  1907. 

As  an  average  of  the  results  secured  during  the  twelve  years  1903  to  1914, 
on  the  University  South  Farm  where  fine-ground  raw  rock  phosphate  is  applied 
at  the  rate  of  500  pounds  per  acre  per  annum  on  the  typical  brown  silt  loam 
prairie  soil,  the  return  for  each  ton  of  phosphate1  used  has  been  $13.57  on  Series 


Plate  4. — Clover  on  Urbana  Field,  South  Farm 
Fine-Ground  Eock  Phosphate  Plowed  Under  with  Crop  Residues 

during  the  first  four  years,  Series  100  received  only  1,500  pounds  per  acre  of  phos- 
phate, and  both  series  received  also  V2  ton  per  acre  of  limestone,  the  effect  of  which  probably 
would  be  slight,  as  may  be  judged  from  the  data  secured  later  and  reported  herein. 
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100  and  $12.07  on  Series  200,  with  the  “lower  prices”  allowed  for  produce,  the 
rotation  being  wheat,  corn,  oats,  and  clover  (or  soybeans).  This  gives  an  average 
return  of  $12.82  for  each  ton  of  phosphate  applied.  Averages  for  each  rotation 
period  show  the  following  value  of  increase  per  ton  of  phosphate  used : 

Lower  Higher 


prices  prices 

First  rotation,  1903  to  1906 $ 8.26  $11.80 

Second  rotation,  1907  to  1910 11.33  16.19 

Third  rotation,  1911  to  1914  18.88  26.97 


Thus  the  rock  phosphate  paid  back  more  than  its  cost  during  the  first  rota- 
tion, more  than  iy2  times  its  cost  during  the  second  rotation,  and  more  than  2 y2 
times  its  cost  during  the  third  rotation  period. 

One  ton  of  fine-ground  rock  phosphate  costs  about  the  same  as  500  pounds  of 
steamed  bone  meal.  Altho  in  less  readily  available  form,  the  rock  phosphate  con- 
tains as  much  phosphorus,  ton  for  ton,  as  the  bone  meal ; and,  when  equal  money 
values  are  applied  in  connection  with  liberal  amounts  of  decaying  organic  matter, 
the  natural  rock  may  soon  give  as  good  results  as  the  bone, — and,  by  supplying 
about  four  times  as  much  phosphorus,  the  rock  provides  for  greater  durability. 

The  results  just  given  represent  averages  covering  the  residue  system  and 
the  live-stock  system,  both  of  which  are  represented  in  this  crop  rotation  on  the 
South  Farm. 

Ground  limestone  at  the  rate  of  8 tons  per  acre  was  applied  to  the  east  half 
of  these  series  of  plots  (excepting  the  check  plots,  which  receive  only  residues  or 
manure),  beginning  in  1910  on  Series  200  and  in  1911  on  Series  100.  Subsequent 
applications  are  made  of  2 tons  per  acre  each  four  years,  beginning  in  1914  on 
Series  200  and  in  1915  on  Series  100.  As  an  average  of  results  from  both  series, 
the  crop  values  were  increased  during  the  third  rotation,  1911-1914,  as  follows : 

Besidue  System  Live-Stock  System 
Lower  Higher  Lower  Higher 


prices  prices  prices  prices 

Gain  for  phosphate  $18.80  $26.86  $18.96  $27.09 

Gain  for  limestone  2.31  3.30  2.55  3.64 


Detailed  records  of  these  investigations  are  given  in  Tables  5 and  6,  the  data 
being  reported  by  half-plots  after  1910-1911.  (Series  300  and  400,  which  are 
also  used  in  this  rotation,  are  located  in  part  upon  black  clay  loam  and  a heavy 
phase  of  brown  silt  loam.  See  discussion  under  “Black  Clay  Loam,”  page  26.) 

Results  of  Experiments  on  Sibley  Field 

Table  7 gives  the  results  obtained  during  twelve  years  from  the  Sibley  soil 
experiment  field  located  in  Ford  county  on  the  typical  brown  silt  loam  prairie 
of  the  Illinois  corn  belt. 

Previous  to  1902  this  land  had  been  cropped  with  corn  and  oats  for  many 
years  under  a system  of  tenant  farming,  and  the  soil  had  become  somewhat  defi- 
cient in  active  organic  matter.  While  phosphorus  was  the  limiting  element  of 
plant  food,  the  supply  of  nitrogen  becoming  available  annually  was  but  little  in 
excess  of  the  phosphorus,  as  is  well  shown  by  the  corn  yields  for  1903,  when  the 
addition  of  phosphorus  produced  an  increase  of  8 bushels,  nitrogen  produced 
no  increase,  but  nitrogen  and  phosphorus  increased  the  yield  by  15  bushels. 

After  six  years  of  additional  cropping,  however,  nitrogen  appeared  to  be- 
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come  the  most  limiting  element,  the  increase  in  the  corn  in  1907  being  9 bushels 
from,  nitrogen  and  only  5 bushels  from  phosphorus,  while  both  together  pro- 
duced an  increase  of  33  bushels.  By  comparing  the  corn  yields  for  the  four 
years  1902,  1903,  1906,  and  1907,  it  will  be  seen  that  the  untreated  land  appar- 
ently grew  less  productive,  whereas,  on  land  receiving  both  phosphorus  and 
nitrogen,  the  yield  appreciably  increased,  so  that  in  1907,  when  the  untreated 
rotated  land  produced  only  34  bushels  of  corn  per  acre,  a yield  of  72  bushels 
(more  than  twice  as  much)  was  produced  where  lime,  nitrogen,  and  phosphorus 
had  been  applied,  altho  the  two  plots  produced  exactly  the  same  yield  (57.3 
bushels)  in  1902. 


Table  7. — Crop  Yields  in  Soil  Experiments,  Sibley  Field 


Brown  silt  loam  prairie; 
early  Wisconsin 
glaciation 

Corn  Corn 
1902  1903 

Oats  Wheat' 
1904  1905 

Corn 

1906 

Corn 

1907 

Oats 

1908 

Wheat1 

1909 

Com 

1910 

Corn 

1911 

Oats 

1912 

Wheat 

1913 

Plot 

Soil  treatment 
applied 

Bushels  per  acre 

To! 

None  

57.3 

50.4 

74.4 

29.5 

36.7 

33.9 

25.9 

25.3 

26.6 

20.7 

84.4 

5.5 

102 

Lime  

60.0 

54.0 

74.7 

31.7 

39.2 

38.9 

24.7 

28.8 

34.0 

22.2 

85.6 

6.8 

103 

Lime,  nitro 

60.0 

54.3 

77.5 

32.8 

4L7 

48.1 

1673 

1970 

2970 

“2274 

25.3 

18.3 

104 

Lime,  phos 

61.3 

62.3 

92.5 

36.3 

44.8 

43.5 

25.6 

32.2 

52.0 

31.6 

92.3 

10.7 

105 

Lime,  potas 

56.0 

49.9 

74.4 

30.2 

37.5 

34.9 

22.2 

23.2 

34.2 

21.6 

83.1 

7.5 

106 

Lime,  nitro.,  phos..  . 

57.3 

69J[ 

~88A 

~45X 

“6875 

72.3 

~33l" 

“5576“ 

“3573 

42.2 

24.7 

107 

Lime,  nitro.,  potas.. 

53.3 

51.4 

75.9 

37.7 

39.7 

51.1 

42.2 

25.8 

46.2 

20.1 

55.6 

19.2 

108 

Lime,  phos.,  potas.. . 

58.7 

60.9 

80.0 

39.8 

41.5 

39.8 

27.2 

28.5 

43.0 

31.8 

79,7 

11.8 

309 

Lime,  nitro.,  phos., 
potas 

58.7 

65.9 

82.5 

48.0 

69.5 

80.1 

52.8 

35.0 

58.0 

35.7 

57.2 

24.5 

110 

Nitro.,  phos.,  potas.. 

60.0 

60.1 

85.0 

48.5 

63.3 

72.3 

44.1 

30.8 

64.4 

31.5 

54.1 

18.0 

Increase:  Bushels  per  Acre 


For  nitrogen 

.0 

.3 

2.8 

HI 

2.5 

9.2 

11.6 

-9.8 

-5.0 

.2 

-60.3 

11.5 

For  phosphorus  

1.3 

8.3 

17.8 

4.6 

5.6 

4.6 

.9 

3.4 

18.0 

9.4 

0.7 

3.9 

For  potassium  

For  nitro.,  phos.  over 

-4.0 

-4.1 

-.3 

-1.5 

-1.7 

-4.0 

-2.5 

-5.6 

.2 

-.6 

-2.5 

.7 

phos 

For  phos.,  nitro.  over 

-4.0 

6.8 

-4.1 

8.9 

23.7 

28.8 

20.0 

1.1 

3.6 

3.7 

-50.1 

14.0 

nitro  . 

For  potas.,  nitro.,  phos. 

-2.7 

14.8 

10.9 

12.4 

24.8 

24.2 

9.3 

14.3 

26.6 

12.9 

10.9 

6.4 

over  nitro.,  phos 

1.4 

-3.2 

-5.9 

2.8 

1.0 

7.8 

7.2 

1.7 

2.4 

.4 

15.0 

-.2 

Value  of  Crops  per  Acre  in  Twelve  Years 


Plot 


Soil  treatment  applied 


101  None 

102  Lime 


103 

104 

105 


Lime,  nitrogen 
Lime,  phosphorus 
Lime,  potassium.  . 


106 

107 

108 


Lime,  nitrogen,  phosphorus.  . 
Lime,  nitrogen,  potassium.  . , 
Lime,  phosphorus,  potassium 


109  Lime,  nitrogen,  phosphorus,  potassium 

110  Nitrogen,  phosphorus,  potassium 


Value  of  Increase  per  Acre  in  Twelve  Years 

For  nitrogen 

For  phosphorus 

For  nitrogen  and  phosphorus  over  phosphorus 

For  phosphorus  and  nitrogen  over  nitrogen 

For  potassium,  nitrogen,  and  phosphorus  over  nitrogen  and  phosphorus 


Total  value  of 
twelve  crops 


Lower 

prices 

Higher 

prices 

$172.89 

186.51 

$246.98 

266.45 

177.44 

217.78 

167.32 

253.49 

311.11 

239.03 

246.91 

198.16 

204.90 

352.73 

283.08 

292.71 

257.91 

242.47 

368.45 

340.38 

-$  9.07 

-$12.96 

31.27 

44.66 

29.13 

41.62 

69.47 

99.24 

11.00 

15.72 
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Even  in  the  unfavorable  season  of  1910  the  yield  of  the  highest  producing 
plot  exceeded  the  yield  of  the  same  plot  in  1902,  while  the  untreated  land  pro- 
duced less  than  half  as  much  as  it  produced  in  1902.  The  prolonged  drouth  of 
1911  resulted  in  almost  a failure  of  the  corn  crop,  but  nevertheless  the  effect  of 
soil  treatment  was  seen.  Phosphorus  appeared  to  be  the  first  limiting  element 
again  in  1909,  1910,  and  1911 ; while  the  lodging  of  oats,  especially  on  the  nitro- 
gen plots,  in  the  exceptionally  favorable  season  of  1912,  produced  very  irregular 
results.  In  1913,  wheat  averaged  6.6  bushels  without  nitrogen  or  phosphorus 
(Plots  101,  102,  105)  and  22.4  bushels  where  both  nitrogen  and  phosphorus  were 
added  (Plots  106,  109,  110). 

In  the  lower  part  of  Table  7 are  shown  the  total  values  per  acre  of  the  twelve 
crops  from  each  of  the  ten  different  plots,  the  amounts  varying  from  $167.32  to 
$257.91,  with  corn  valued  at  35  cents  a bushel,  oats  at  28  cents,  and  wheat  at 
70  cents.  Phosphorus  without  nitrogen  has  produced  $31.27  in  addition  to  the 
increase  by  lime,  but  with  nitrogen  it  has  produced  $69.47  above  the  crop  values 
where  only  lime  and  nitrogen  have  been  used.  The  results  show  that  in  26  cases 
out  of  48  the  addition  of  potassium  has  decreased  the  crop  yields.  Even  when 
applied  in  addition  to  phosphorus,  and  with  no  effort  to  liberate  potassium  from 
the  soil  by  adding  organic  matter,  potassium  has  produced  no  increase  in  crop 
values  as  an  average  of  the  results  from  Plots  108  and  109. 

By  comparing  Plots  101  and  102,  and  also  109  and  110,  it  is  seen  that  lime 
has  produced  an  average  increase  of  $14.53,  or  $1.21  an  acre  a year.  This  in- 
crease on  these  plots  is  practically  the  same  as  at  Urbana,  and  it  suggests  that  the 
time  is  here  when  limestone  must  be  applied  to  some  of  these  brown  silt  loam  soils. 

While  nitrogen,  on  the  whole,  has  produced  an  appreciable  increase,  espe- 
cially on  those  plots  to  which  phosphorus  has  also  been  added,  it  has  cost,  in  com- 
mercial form,  so  much  above  the  value  of  the  increase  produced  that  the  only 
conclusion  to  be  drawn,  if  we  are  to  utilize  this  fact  to  advantage,  is  that  the 
nitrogen  must  be  secured  from  the  air. 

Results  of  Experiments  on  Bloomington  Field 

Space  is  taken  to  insert  Tables  8 and  9,  giving  all  results  thus  far  obtained 
from  the  Bloomington  soil  experiment  field,  which  is  also  located  on  the  brown 
silt  loam  prairie  soil  of  the  Illinois  corn  belt.  This  field  is  a part  of  the  S.  Noble 
King  farm. 

The  general  results  of  the  thirteen  years’  work  tell  much  the  same  story  as 
those  from  the  Sibley  field.  The  rotations  have  differed  since  1905  by  the  use 
of  clover  and  the  discontinuing  of  the  use  of  commercial  nitrogen, — in  conse- 
quence of  which  phosphorus  without  commercial  nitrogen,  on  the  Bloomington 
field,  has  produced  an  even  larger  increase  ($99.85)  than  has  been  produced  by 
phosphorus  and  nitrogen  over  nitrogen  on  the  Sibley  field  ($69.47). 

It  should  be  stated  that  a draw  runs  near  Plot  110  on  the  Bloomington  field, 
that  the  crops  on  that  plot  are  sometimes  damaged  by  overflow  or  imperfect 
drainage,  and  that  Plot  101,  occupies  the  lowest  ground  on  the  opposite  side  of 
the  field.  In  part  because  of  these  irregularities  and  in  part  because  only  one 
small  application  has  been  made,  no  conclusions  can  be  drawn  in  regard  to  lime. 
Otherwise  all  results  reported  in  Table  8 are  considered  reliable.  They  not  only 
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furnish  much  information  in  themselves,  but  they  also  offer  instructive  com- 
parison with  the  Sibley  field. 

Wherever  nitrogen  has  been  provided,  either  by  direct  application  or  by  the 
use  of  legume  crops,  the  addition  of  the  element  phosphorus  has  produced  very 
marked  increases,  the  average  yearly  increase  for  the  Bloomington  field  being 
worth  $7.02  an  acre.  This  is  $4.52  above  the  cost  of  the  phosphorus  in  200  pounds 
of  steamed  bone  meal,  the  form  in  which  it  is  applied  on  the  Sibley  and  the 
Bloomington  fields.  On  the  other  hand,  the  use  of  phosphorus  without  nitrogen 
will  not  maintain  the  fertility  of  the  soil  (see  Plots  104  and  106,  Sibley  field). 
As  the  only  practical  and  profitable  method  of  supplying  nitrogep,  a liberal  use 
of  clover  or  other  legumes  is  suggested,  the  legume  to  be  plowed  under  either 
directly  or  as  manure,  preferably  in  connection  with  the  phosphorus  applied, 
especially  if  raw  rock  phosphate  is  used. 

Prom  the  soil  of  the  best  treated  plots  on  the  Bloomington  field,  180  pounds 
per  acre  of  phosphorus,  as  an  average,  has  been  removed  in  the  thirteen  crops. 
This  is  equal  to  15  percent  of  the  total  phosphorus  contained  in  the  surface  soil 
of  an  acre  of  the  untreated  land.  In  other  words,  if  such  crops  could  be  grown 
for  eight;,  ye ars,  they  would  require  as  much  phosphorus  as  the  total  supply  in 
the  ordinary  plowed  soil.  The  results  plainly  show,  however,  that  without  the 
addition  of  phosphorus  such  crops  cannot  be  grown  year  after  year.  Where 
no  phosphorus  has  been  applied,  the  crops  have  removed  only  120  pounds  of 
phosphorus  in  the  thirteen  years,  which  is  equivalent  to  only  10  percent  of  the 
total  amount  (1,200  pounds)  present  in  the  surface  soil  at  the  beginning  of  the 
experiment  in  1902.  The  total  phosphorus  applied  from  1902  to  1914,  as  an 
average  of  all  plots  where  it  has  been  used,  has  amounted  to  325  pounds  per  acre 
and  has  cost  $32. 50.1  This  has  paid  back  $97.20,  or  300  percent  on  the  invest- 


Plate  5. — Corn  in  1912  on  Bloomington  Field 
On  Left,  Residues,  Lime,  and  Potassium:  Yield,  58.9  Bushels 
On  Right,  Residues,  Lime,  and  Phosphorus:  Yield,  86.1  Bushels 

^his  is  based  on  $25  a ton  for  steamed  bone  meal,  but  in  recent  years  the  price  has  been 
advanced  generally  to  nearly  $30. 


Table  8. — Crop  Yields  in  Soil  Experiments,  Bloomington  Field 
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Commercial  nitrogen  was  used  1902-1905. 

2The  figures  in  parentheses  mean  bushels  of  seed;  the  others,  tons  of  hay. 
“Clover  smothered  by  previous  wheat  crop. 
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Table  9. — Value  of  Crops  per  Acre  in  Thirteen  Years,  Bloomington  Field 


Plot 

Soil  treatment  applied 

Total  a 
thirtee 
Lower 
prices 

ralue  of 
n crops 
Higher 
prices 

101 

102 

$186.83 

186.76 

$266.90 

266.80 

103 

104 

105 

Lime,  residues 

Lime,  phosphorus 

Lime,  potassium 

193.83 

286.61 

190.53 

276.90~ 

409.45 

272.19 

106 

107 

108 

Lime,  residues,  phosphorus 

285.03 

191.10 

294.91 

407.19 

273.00 

421.31 

Lime,  residues,  potassium 

Lime,  phosphorus,  potassium 

109 

110 

Lime,  residues,  phosphorus,  potassium 

Residues,  phosphorus,  potassium 

284.47 

259.10 

406.39 

370.15 

Value  of  Increase  per  Acre  in  Thirteen  Years 


For  residues 

$ 7.07 

$ 10.10 

For  phosphorus 

99.85 

142.65 

For  residues  and  phosphorus  over  phosphorus 

-1.58 

-2.26 

For  phosphorus  and  residues  over  residues 

91.20 

130.29 

For  potassium , residues,  and  phosphorus  over  residues  and  phosphorus. . . . 

-.56 

-.80 

ment ; whereas  potassium,  used  in  the  same  number  of  tests  and  at  the  same  cost, 
has  paid  back  only  $2.20  per  acre  in  the  thirteen  years,  or  less  than  7 percent 
of  its  cost.  Are  not  these  results  to  be  expected  from  the  composition  of  such 
soil  and  the  requirements  of  crops?  (See  Table  2 ; also  Table  A in  the  Appendix.) 

Nitrogen  was  applied  to  this  field,  in  commercial  form  only,  from  1902  to 
1905;  but  clover  was  grown  in  1906  and  1910,  and  a cover  crop  of  cowpeas  after 
the  clover  in  1906.  The  cowpeas  were  plowed  under  on  all  plots,  and  the  1910 
clover  (except  the  seed)  was  plowed  under  on  five  plots  (103,  106,  107,  109,  and 
110).  Straw  and  corn  stalks  have  also  been  returned  to  these  plots  in  recent 
years.  The  effect  of  returning  these  residues  to  the  soil  has  been  appreciable  since 
1910  (an  average  increase  on  Plots  106  and  109  of  4.5  bushels  of  wheat,  5.4  bushels 
of  corn,  and  4.3  bushels  of  oats)  and  probably  will  be  more  marked  on  subse- 
quent crops.  Indeed,  the  large  crops  of  corn,  oats,  and  wheat  grown  on  Plots 
104  and  108  during  the  thirteen  years  have  drawn  their  nitrogen  very  largely 
from  the  natural  supply  in  the  organic  matter  of  the  soil.  The  roots  and  stubble 
of  clover  contain  no  more  nitrogen  than  the  entire  plant  takes  from  the  soil 
alone,  but  they  decay  rapidly  in  contact  with  the  soil  and  probably  hasten  the 
decomposition  of  the  suil  humus  and  the  consequent  liberation  of  the  soil  nitro- 
gen. But  of  course  there  is  a limit  to  the  reserve  stock  of  humus  and  nitrogen 
remaining  in  the  soil,  and  the  future  years  will  undoubtedly  witness  a gradually 
increasing  difference  between  Plots  104  and  106,  and  between  Plots  108  and  109, 
in  the  yields  of  grain  crops. 

Plate  6 shows  graphically  the  relative  values  of  the  thirteen  crops  for  the 
eight  comparable  plots,  Nos.  102  to  109.  The  cost  of  the  phosphorus  is  indicated 
by  that  part  of  the  diagram  above  the  short  crossbars.  It  should  be  kept  in 
mind  that  no  value  is  assigned  to  clover  plowed  under  except  as  it  reappears  in 
the  increase  of  subsequent  crops.  Plots  106  and  109  are  heavily  handicapped 
because  of  the  clover  failure  on  those  plots  in  1906  and  the  poor  yield  of  clover 
seed  in  1910,  whereas  Plots  104  and  108  produced  a fair  crop  in  1906  and  a very 
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large  crop  in  1910.  Plot  106,  which  receives  the  most  practical  treatment  for 
permanent  agriculture  (RLP),  has  produced  a total  value  in  thirteen  years  only 
$1.58  below  that  from  Plot  104  (LP).  (See  also  table  on  last  page  of  cover.) 

The  Subsurface  and  Subsoil 

In  Tables  10  and  11  are  recorded  the  amounts  of  plant  food  in  the  subsur- 
face and  the  subsoil  of  the  different  types  of  soil  in  McLean  county,  but  it  should 
be  remembered  that  these  supplies  are  of  little  value  unless  the  top  soil  is  kept 
rich.  Probably  the  most  important  information  contained  in  these  tables  is 
that  the  most  common  prairie  soil  and  the  upland  timber  soils  are  from  slightly  to 
strongly  acid  in  the  subsurface  and  sometimes  contain  no  limestone  in  the  subsoil. 
This  fact  emphasizes  the  importance  of  having  plenty  of  limestone  in  the  surface 
soil  to  neutralize  the  acid  moisture  which  rises  from  the  lower  strata  by  capillary 
action  during  times  of  partial  drouth,  which  are  critical  periods  in  the  life  of 
such  plants  as  clover.  While  the  common  brown  silt  loam  prairie  is  usually 
slightly  acid,  the  upland  timber  soils  are,  as  a rule,  more  distinctly  in  need  of 
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limestone,  and  as  already  explained,  they  are  also  more  deficient  in  organic  mat- 
ter and  nitrogen  than  the  prairie  soils,  and  thus  more  in  need  of  growing  clover. 


Table  10. — Fertility  in  the  Soils  of  McLean  County,  Illinois 
Average  pounds  per  acre  in  4 million  pounds  of  subsurface  soil  (about  6%  to  20  inches) 


Soil 

Total 

Total 

Total 

Total 

Total 

Total 

Lime- 

Soil 

type 

Soil  type 

organic 

nitro- 

phos- 

potas- 

magne- 

cal- 

stone 

acid- 

No. 

carbon 

gen 

phorus 

sium 

sium 

cium 

present 

ity 

Upland  Prairie  Soils 


1126 

Brown  silt  loam  

74  530 

j 6 660 

1 870 

173  230 

19  520 

17  85U 

110 

1120 

Black  clay  loam  

91  ISO 

8 130 

3 150 

70  760 

33  150 

57  190 

Often 

Rarely 

1120.2 

Gravelly  black  clay  loam 

65  200 

6 240 

2 600 

67  880 

46  640 

106  200 

252  200 

1128 

Brown-gray  silt  loam  on 

tight  clay 

27  720 

3 200 

2 160 

78  960 

17  640 

12  040 

880 

1190 

Gravelly  loam  ... 

58  160 1 

5 600 

2 000 

75  840 

20  400 

15  080 

40 

Upland  Timber  Soils 


1134 

Yellow-gray  silt  loam  . . . 

24  490 

2 710 

1 490  74  230 1 16  390 

13  980 

2 350 

1135 

Yellow  silt  loam  ...... 

15  280 

2 020 

1 540  72  000  24  620 

14  620 

3 660 

Terrace  Soils 


Brown  silt  loam  over 

gravel  

68  200 

6 320 

2 160 

75  880 

18  960 

12  840 

80 

Brown  silt  loam  on  gravel 

55  320 

5 160 

1 640 

83  780 

22  600 

14  340 

100 

Yellow-gray  silt  loam  on 

gravel  

26  800 

3 000 

1 560 

73  S00 

19  440 

17  240 

80 

Swamp  and  Bottom-Land  Soils 


1401 

Deep  peat 

608  090 

52  420 

4 610  114  160 

11  OSO 

63  270 

Rarely 

Often 

1426 

Deep  brown  silt  loam.  . . 

144  760 

11  520 

3 320  69  280 

22  080 

34  920 

1 360 

1454 

Mixed  loam  

112  560 

11  080 

3 080  J S3  320 

28  960 

37  000 

3 160 

Table  11. — Fertility  in  the  Soils  of  McLean  County,  Illinois 
Average  pounds  per  acre  in  6 million  pounds  of  subsoil  (about  20  to  40  inches) 


Soil 

Total 

Total 

Total 

Total 

Total 

Total 

Lime- 

Soil 

type 

Soil  type 

organic 

nitro- 

phos- 

potas- 

magne- 

cal- 

stone 

acid- 

No. 

carbon 

gen 

phorus 

sium 

. sium 

cium 

present 

ity 

Upland  Prairie  Soils 


1126 

Brown  silt  loam  

32  310 

3 620 

2 350 

114  870 

48  600 

46  360 

Rarely 

Often 

1120 

Black  clay  loam 

35  480 

3 450 

3 410 

111  560 

58  820 

80  450 

Often 

Rarely 

1120.2 

Gravelly  black  clay  loam 

47  760 

4 140 

3 120 

104  220 

54  540 

119  520 

279  300 

1128 

Brown-gray  silt  loam  on 

tight  clay  

21  900 

3 120 

3 540 

120  600 

36  240 

19  500 

840 

1190 

Gravelly  loam  

57  060 

5 460 

2 040 

110  040 

32  100 

19  560 

60 

Upland  Timber  Soils 


1134 

Yellow-gray  silt  loam.  . . 

21  380 

2 840 

4 040 

114  270 

42  060 

31  590 

j Often 

1135 

Yellow  silt  loam 

20  250 

2 580 

3 000 

110  820 

58  650 

60  510 

1 Often 

Terrace  Soils 


1527 

Brown  silt  loam  over 

gravel  

36  120 

3 840 

2 520 

106  800 

39  540 

22  320 

420 

1526.2 

Brown  silt  loam  on  gravel 

42  690 

4 470 

2 130 

113  040 

37  380 

24  300 

Often 

1534.4 

Yellow-gray  silt  loam  on 

gravel  

28  800 

3 180 

2 700 

103  620 

30  360 

27  180 

420 

Swamp  and  Bottom-Land  Soils 

1401 

Deep  peat 

752  400 

55  050 

4 650 

38  010 

20  490 

71  910 

30 

1426 

Deep  brown  silt  loam .... 

86  880 

5 640 

3 180 

108  600 

27  720 

47  220 

120 

1454 

Mixed  loam  

101  280 

9 900 

3 120 

123  900 

43  320 

49  200 

60 
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INDIVIDUAL  SOIL  TYPES 
(a)  Upland  Prairie  Soils 

The  upland  prairie  soils  of  McLean  county  occupy  1,022.68  square  miles,  or 
87.64  percent  of  the  entire  area  of  the  county.  They  are  black  or  brown  in  color, 
owing  to  their  large  content  of  organic  matter. 

The  accumulation  of  organic  matter  in  the  prairie  soils  is  due  to  the  growth 
of  prairie  grasses  whose  network  of  roots  was  protected  from  complete  decay  by 
imperfect  aeration  due  to  the  covering  of  fine  soil  material  and  the  moisture  it 
contained.  On  the  native  prairies,  the  tops  of  these  grasses  were  usually  burned 
or  became  almost  completely  decayed.  From  a sample  of  virgin  sod  of  “blue 
stem,  ’ ’ one  of  the  most  common  prairie  grasses,  it  has  been  determined  that  an 
acre  of  this  soil  to  a depth  of  seven  inches  contained  13.5  tons  of  roots.  Many  of 
these  roots  died  each  year  and  by  partial  decay  formed  the  humus  of  these  dark 
prairie  soils. 

Brown  Silt  Loam  (1126,  or  926  on  moraines) 

Brown  silt  loam  is  the  most  important  as  well  as  the  most  extensive  soil  type 
in  the  county.  It  covers  an  area  of  847.38  square  miles  (542,323  acres),  or  72.6 
percent  of  the  entire  county. 

This  type  occupies  the  slightly  undulating  to  rolling  areas  of  the  prairie 
land,  much  of  which  is  well  surface-drained,  while  many  areas  need  artificial 
drainage.  The  morainal  areas  are  sometimes  sufficiently  rolling  to  require  con- 
siderable care  in  preventing  erosion.  Altho  brown  silt  loam  is  normally  a prairie 
soil,  yet  in  some  limited  areas  forests  have  recently  invaded  the  dark  soil.  These 
forests  consist  quite  largely  of  black  walnut,  wild  cherry,  hackberry,  ash,  hard 
maple,  and  elm.  A black- walnut  soil  is  recognized  generally  by  farmers  as  being 
one  of  the  best  timber  soils  because  of  the  fact  that  it  still  contains  a large 
amount  of  organic  matter,  characteristic  of  prairie  soils.  After  the  growth  of 
several  generations  of  trees,  the  organic  matter  would  become  so  reduced  that 
the  soil  would  then  be  classed  as  a timber  type. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam,  varying  on  the  one 
hand  to  black  as  it  grades  into  black  clay  loam  (1120),  and  on  the  other  hand  to 
grayish  brown  or  yellowish  brown  as  it  grades  into  the  timber  type,  yellow-gray 
silt  loam  (1134  or  934).  The  physical  composition  varies  to  some  extent,  but  it 
is  normally  a silt  loam,  containing  from  65  to  80  percent  of  silt,  together  with 
some  sand,  and  from  10  to  15  percent  of  clay.  The  amount  of  clay  increases  as 
the  type  approaches  the  black  clay  loam  (1120),  and  becomes  greatest  in  the 
level,  poorly  drained  areas.  The  amount  of  sand  varies  from  10  to  20  percent. 

The  organic-matter  content  varies  from  3.5  to  6.6  percent,  with  an  average 
of  4.9  percent,  or  49  tons  per  acre.  The  amount  is  less  in  the  more  rolling  areas 
than  in  the  low  and  poorly  drained  parts,  owing  to  the  fact  not  only  that  less 
vegetation  grows  on  the  drier,  rolling  areas,  but  that  when  incorporated  with  the 
soil  much  of  it  is  removed  by  erosion  and  undergoes  greater  decomposition  be- 
cause of  better  aeration  and  less  moisture.  Where  the  type  passes  into  the  yel- 
low-gray silt  loam  (1134  or  934),  the  organic-matter  content  becomes  less,  while 
in  the  low,  swampy  tracts  where  the  grasses  grew  more  luxuriantly  and  their 
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roots  were  more  abundant,  the  large  moisture  content  furnished  conditions  more 
favorable  for  the  preservation  of  organic  matter. 

The  natural  subsurface  is  represented  by  a stratum  varying  from  6 to  16 
inches  in  thickness,  being  thinner  on  the  more  rolling  areas,  while  decidedly 
thicker  and  darker  on  the  more  level  areas.  Its  physical  composition  varies  in 
the  same  way  as  that  of  the  surface  soil,  but  it  usually  contains  a slightly  larger 
amount  of  clay,  especially  as  it  approaches  the  black  clay  loam  type  (1120). 
Both  color  and  depth  vary  with  the  topography,  the  stratum  being  lighter  in 
color  as  well  as  shallower  on  the  more  rolling  areas  and  where  the  type  grades 
into  yellow-gray  and  yellow  silt  loam  (1134  or  1135).  The  amount  of  organic 
matter  varies  with  depth,  but  the  average  for  this  stratum  (which  is  twice  the 
thickness  of  the  surface  soil  as  it  is  sampled)  is  3.2  percent,  or  64  tons  per  acre. 

The  natural  subsoil  begins  at  12  to  23  inches,  and  extends  to  an  indefinite 
depth,  but  is  sampled  to  40  inches.  It  varies  with  the  topography  both  in  color 
and  texture,  and  becomes  slightly  coarser  with  depth.  It  consists  of  a yellow  or 
drabbish  mottled  yellow,  clayey  silt  or  silty  clay,  plastic  when  wet.  Where  the 
drainage  has  been  good,  it  is  of  a bright  to  a pale  yellow  color.  With  poor  drain- 
age it  approaches  a drab  or  olive  color  with  pale  yellow  mottlings  or  a yellow 
color  with  mottlings  of  drab.  Each  of  the  above  strata  is  pervious  to  water,  so 
% that  drainage  takes  place  with  little  difficulty. 

A phase  of  brown  silt  loam  has  been  recognized  in  this  county  where,  be- 
cause of  the  removal  of  part  of  the  fine  loessial  material  by  erosion,  the  glacial 
drift  is  encountered  less  than  30  inches  from  the  surface.  If  the  drift  is  quite 
compact,  as  is  occasionally  the  case,  this  gives  rise  to  a somewhat  inferior  subsoil, 
owing  to  its  less  pervious  character.  This  condition,  however,  does  not  occur  very 
generally  nor  over  large  areas,  since  most  of  the  drift  is  pervious  and  some  is 
quite  gravelly.  This  phase  is  found  mostly*  in  Township  23  North,  Range  6 East. 

In  the  northeastern  part  of  the  county  a slightly  sandy  phase  of  the  type  is 
found,  but  it  is  not  sufficiently  sandy  to  be  classed  as  a loam.  Small  areas  of 
sandy  and  gravelly  loam,  too  small  to  be  shown  on  the  map,  are  common  in  the 
most  rolling  part  of  the  morainal  regions. 

An  abnormal  phase  of  brown  silt  loam  about  30  acres  in  extent  is  found  in 
the  northeast  forty  of  Section  11,  Township  22  North,  Range  5 East.  In  spots  this 
varies  a great  deal  from  the  true  type,  being  a sandy  peat  in  some  places,  a marly 
peat  in  others,  and  in  still  others  containing  large  amounts  of  brown  iron  oxid. 

While  the  common  brown  silt  loam  is  in  fair  physical  condition,  yet  continu- 
ous cropping  to  corn,  or  corn  and  oats,  with  the  burning  of  the  stalks,  is  de- 
stroying the  tilth;  the  soil  is  becoming  more  difficult  to  work;  it  runs  together 
more ; and  aeration,  granulation,  and  absorption  of  moisture  do  not  take  place  as 
readily  as  formerly.  This  condition  of  poor  tilth  may  become  serious  if  the  pres- 
ent methods  of  management  continue ; it  is  already  one  of  the  factors  that  limit 
the  crop  yields.  The  remedy  is  to  increase  the  organic-matter  content  by  plow- 
ing under  farm  manure  and  crop  residues,  such  as  corn  stalks,  straw,  and  clover. 

The  addition  of  fresh  organic  matter  is  not  only  of  great  value  in  improving 
the  physical  condition  of  this  type  of  soil,  but  it  is  of  even  greater  importance 
because  of  its  nitrogen  content  and  because  of  its  power,  as  it  decays,  to  liberate 
potassium  from  the  inexhaustible  supply  in  the  soil,  and  phosphorus  from  the 
phosphate  contained  in  or  applied  to  the  soil. 
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For  permanent,  profitable  systems  of  farming  on  brown  silt  loam,  phos- 
phorus should  be  applied  liberally,  and  sufficient  organic  matter  should  be  pro- 
vided to  furnish  the  necessary  amount  of  nitrogen.  On  the  ordinary  type,  lime- 
stone is  already  becoming  deficient.  An  application  of  two  tons  of  limestone  and 
one-half  ton  of  fine-ground  rock  phosphate  per  acre  every  four  years,  with  the 
return  to  the  soil  of  all  manure  made  from  a rotation  of  corn,  corn,  oats,  and 
clover,  will  maintain  the  fertility  of  this  type,  altho  heavier  applications  of  phos- 
phate may  well  be  made  during  the  first  two  or  three  rotations.  If  grain  farming 
is  practiced,  the  rotation  may  be  wheat,  corn,  oats,  and  clover,  with  an  extra  seed- 
ing of  clover  as  a cover  crop  in  the  wheat,  to  be  plowed  under  late  in  the  fall  or 
in  the  following  spring  for  corn;  and  most  of  the  crop  residues,  with  all  clover 
except  the  seed,  should  also  be  plowed  under.  In  either  system,  alfalfa  may  be 
grown  on  a fifth  field  and  moved  every  five  years,  the  hay  being  fed  or  sold.  In 
live-stock  farming  the  regular  rotation  may  be  extended  to  five  or  six  years  by 
seeding  both  timothy  and  clover  with  the  oats,  and  pasturing  one  or  two  years. 
Alsike  and  sweet  clover  may  well  replace  red  clover  at  times,  in  order  to  avoid 
clover  sickness.  (For  results  of  field  experiments  on  the  brown  silt  loam  prairie, 
see  Tables  3 to  9.) 

Black  Clay  Loam  (1120) 

Black  clay  loam  represents  the  flat  prairie  and  is  sometimes  called  “ gumbo’ ’ 
because  of  its  sticky  character.  Its  formation  in  flatter,  poorly  drained  areas  is 
due  to  the  accumulation  of  organic  matter  and  to  the  washing  in  of  clay  and  fine 
silt  from  the  slightly  higher  adjoining  lands.  This  type  occupies  168.69  square 
miles  (17,961  acres),  or  14.47  percent  of  the  entire  area  of  the  county.  It  is  so  flat 
that  proper  drainage  is  one  of  the  most  difficult  problems  in  its  management. 

The  surface  soil,  0 to  6%  inches,  is  a black  granular  clay  loam,  varying  lo- 
cally to  a black  clayey  silt  loam  on  the  large  flat  areas.  It  contains,  on  an  aver- 
age, 7.6  percent  of  organic  matter,  or  76  tons  per  acre,  varying  from  65  to  98 
tons.  In  physical  composition  it  varies  somewhat  as  it  grades  into  other  types. 
As  it  passes  toward  the  brown  silt  loam,  which  nearly  always  surrounds  it,  it  be- 
comes more  silty.  Where  it  merges  into  the  gravelly  black  clay  loam  (1120.2),  it 
sometimes  contains  considerable  quantities  of  sand  and  fine  or  medium  gravel. 

The  subsurface  stratum  has  a thickness  of  10  to  16  inches  and  varies  from  a 
black  to  a brownish  gray  clay  loam,  usually  somewhat  heavier  than  the  surface 
soil.  The  average  amount  of  organic  matter  is  4 percent,  or  80  tons  per  acre. 
The  lower  part  of  this  stratum  frequently  is  a drab  or  yellowish  drab  silty  clay. 
The  stratum  is  quite  pervious  to  water,  owing  to  jointing  or  checking  from 
shrinkage  in  times  of  drouth. 

The  subsoil  to  a depth  of  40  inches  varies  from  a drab  to  a yellowish  drab 
silty  clay.  As  a rule,  the  iron  is  not  highly  oxidized,  because  of  poor  drainage 
and  lack  of  aeration.  Concretions  of  carbonate  of  lime  are  frequently  found.  The 
perviousness  of  the  subsoil  is  about  the  same  as  the  subsurface  and  is  due  to  the 
same  cause.  When  thrown  out  on  the  surface  where  wetting  and  drying  may 
take  place,  it  soon  breaks  into  small  cubical  masses.  Gravel  is  frequently  present. 

Black  clay  loam  presents  many  variations.  Here,  as  elsewhere,  the  boun- 
dary lines  between  it  and  the  brown  silt  loam  are  not  always  distinct.  In  some 
cases  topography  is  a great  help  in  locating  the  boundary,  but  in  other  cases  there 
may  be  an  intermediate  zone  of  greater  or  less  width.  The  washing  in  of  silty 
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material  from  the  surrounding  higher  lands,  especially  near  the  edges  of  the 
areas,  modifies  the  character  of  the  soil,  giving  the  surface  a silty  character.  This 
change  is  taking  place  more  rapidly  now,  with  the  annual  cultivation  of  the  soil, 
than  formerly,  when  washing  was  largely  prevented  by  prairie  grasses. 

Drainage  is  the  first  requirement  in  the  management  of  this  type ; altho  it 
usually  has  but  little  slope,  yet  because  of  its  perviousness  it  is  easily  tile-drained. 
Keeping  the  soil  in  good  physical  condition  is  very  essential,  and  thoro  drainage 
helps  to  do  this  to  a great  extent.  As  the  organic  matter  is  destroyed  by  cultiva- 
tion and  nitrification,  and  as  the  limestone  is  removed  by  cropping  and  leaching, 
the  physical  condition  of  the  soil  becomes  poorer,  and  as  a consequence  it  becomes 
more  difficult  to  work.  Both  organic  matter  and  limestone  tend  to  develop  granu- 
lation. The  former  should  be  maintained  by  turning  under  manure  or  such 
crop  residues  as  corn  stalks  and  straw,  and  by  the  use  of  clover  and  pasture  in 
rotations.  Ground  limestone  should  be  applied  when  needed  to  keep  the  soil 
sweet.  It  should  be  remembered  that  the  difficulty  of  working  clay  soils  is  in  pro- 
portion to  their  deficiency  in  organic  matter. 

While  black  clay  loam  is  one  of  the  best  soils  in  the  state,  yet  the  clay  and 
humus  which  it  contains  give  it  the  property  of  shrinkage  and  expansion  to  such  a 
degree  as  to  be  somewhat  objectionable  at  times,  especially  during  drouth.  When 
the  soil  is  wet,  these  constituents  expand,  and  when  the  moisture  evaporates  or  is 
used  by  crops,  they  shrink.  This  results  in  the  formation  of  cracks,  sometimes  as 
much  as  two  or  more  inches  in  width  and  extending  with  lessening  width  to  two 
or  three  feet  in  depth.  During  the  drouth  of  1914,  the  cracks  were  so  large  and 
deep  that  in  many  cases  a one-inch  auger  could  be  forced  into  them,  without  turn- 
ing, to  a depth  of  more  than  two  feet.  These  cracks  allow  the  soil  strata  to  dry 
out  rapidly,  and  as  a result  the  crop  is  injured  thru  lack  of  moisture.  They 
may  do  considerable  damage  by  “blocking  out”  hills  of  corn  and  severing  the 
roots.  While  cracking  may  not  be  prevented  entirely,  good  tilth  with  a soil 
mulch  will  do  much  toward  that  end.  Both  for  aeration  and  for  producing  a 
mulch  for  conserving  moisture,  cultivation  is  more  essential  on  this  type  than 
on  the  brown  silt  loam.  It  must  be  remembered,  however,  that  cultivation  should 
be  as  shallow  as  possible,  in  order  to  prevent  injury  to  the  roots  of  the  corn. 

This  type  is  fairly  well  supplied  with  plant  food,  which  is  usually  liberated 
with  sufficient  rapidity  by  a good  rotation  and  by  the  addition  of  moderate 
amounts  of  organic  matter.  The  amount  of  organic  matter  added  must  be  in- 
creased, of  course,  with  continued  farming,  until  the  nitrogen  supplied  is  equal  to 
that  removed.  Altho  the  addition  of  phosphorus  is  not  expected  to  produce  marked 
profit,  it  is  likely  to  pay  its  cost  in  the  second  or  third  rotation ; and  even  by  main- 
taining the  productive  power  of  the  land,  the  capital  invested  is  protected. 

At  Urbana,  on  the  South  Farm  of  the  University  of  Illinois,  a series  of 
plots  devoted  chiefly  to  variety  tests  and  other  crop-production  experiments  ex- 
tends across  an  area  of  black  clay  loam.  Where  rock  phosphate  has  been  applied 
at  the  rate  of  500  pounds  an  acre  a year  in  connection  with  crop  residues,  in  a 
four-year  rotation  of  wheat,  corn,  oats,  and  clover  (or  soybeans),  the  value  of 
the  increase  produced  per  ton  of  phosphate  used  in  three  successive  rotation 
periods,  has  been  $2.13,  $4.70,  and  $6.48,  respectively,  at  the  “lower  prices,”  or 
$3.04,  $6.71,  and  $9.26,  respectively,  at  the  “higher  prices”  for  produce.  In  the 
live-stock  system,  the  phosphorus  naturally  supplied  in  the  manure,  supple- 
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mented  by  that  liberated  from  this  fertile  soil,  has  thus  far  been  nearly  suffi- 
cient to  meet  the  crop  requirements ; the  increase  in  crop  values  per  ton  of  phos- 
phate applied  having  been,  as  an  average  for  the  twelve  years,  only  $2.26  at 
the  “lower  prices,”  or  $3.26  at  the  “higher  prices.”  These  returns  are  less  than 
half  the  cost  of  the  phosphorus  applied,  and  some  seasons  no  benefit  appears. 

This  type  is  rich  in  magnesium  and  calcium,  and  in  the  Wisconsin  glacia- 
tion it  usually  contains  plenty  of  carbonates.  With  continued  cropping  and 
leaching,  applications  of  limestone  will  ultimately  be  needed. 

Gravelly  Black  Clay  Loam  (1120.2) 

Gravelly  black  clay  loam  occurs  in  the  poorly  drained  areas  in  the  eastern 
and  northeastern  part  of  the  county  in  the  large  sloughs  that,  during  parts  of 
the  year,  were  once  covered  with  streams  whose  currents  were  sufficiently  strong 
to  carry  and  deposit  considerable  quantities  of  sand  and  small  gravel.  These 
materials  have  become  mixed  with  the  fine  material  and  form  a distinct  phase  of 
black  clay  loam. 

The  surface  soil,  0 to  6%  inches,  varies  from  15  to  40  percent  in  the  amount 
of  gravel  it  contains,  the  gravel  itself  being  mostly  fine.  The  organic-matter 
content  is  not  quite  so  high  as  in  the  black  clay  loam,  being  about  6.4  percent,  or 
64  tons  per  acre. 

The  subsurface,  extending  from  6%  to  18  or  20  inches,  is  a brown  gravelly 
clay  loam,  containing  about  3.2  percent  of  organic  matter  and  passing  at  the 
lower  limit  into  a less  gravelly  and  much  lighter  colored  clay  loam. 

The  subsoil  varies  from  a drab  to  a pale  yellowish  drab,  indicating  poor 
oxidation.  It  does  not  usually  contain  as  much  gravel  as  either  the  surface  or 
subsurface.  Limestone  concretions  are  frequently  found. 

The  management  of  this  type  is  not  different  from  that  of  the  black  clay 
loam,  altho  there  may  be  a greater  necessity  for  maintaining  the  supply  of  or- 
ganic matter  because  of  the  lower  content  of  this  constituent  naturally  in  the 
soil.  The  presence  of  gravel  affects  the  working  of  the  soil  only  to  a slight  ex- 
tent, since  clay  possesses  such  distinctive  properties  that  it  takes  a large  amount 
of  gravel  and  sand  to  overcome  its  effects.  Hence  this  type  works  very  little 
differently  from  the  ordinary  black  clay  loam. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (1128) 

Brown-gray  silt  loam  on  tight  clay  occurs  in  numerous  small  areas  thruout 
the  county,  principally  in  Township  23  North,  Ranges  1 West  and  1 East;  also  in 
the  southwestern  part  of  Township  24  North,  Range  1 West.  The  total  area  occu- 
pied by  this  type  is  2.42  square  miles  (1,549  acres),  or  .2  percent  of  the  area  of 
the  county.  While  not  of  great  importance  from  the  standpoint  of  area,  yet  it 
is  interesting  to  note  that  the  tight  clay  soils,  or  so-called  hardpan,  have  devel- 
oped under  certain  conditions  even  in  the  early  Wisconsin  glaciation.  The  top- 
ography is  flat  and  naturally  poorly  drained. 

The  surface  soil,  0 to  6%  inches,  consists  of  a brown  or  grayish  brown  silt 
loam,  containing  some  fine  sand  and  coarse  silt,  which  give  it  a peculiar,  mealy 
feel  but  excellent  texture.  It  contains  about  4 percent  of  organic  matter,  or  40 
tons  per  acre,  and  is  somewhat  richer  in  this  constituent  than  the  corresponding 
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type  in  southern  Illinois.  The  organic-matter  content  varies  with  its  relation  to 
other  types,  being  greater  where  it  approaches  brown  silt  loam  (1126)  and  less 
where  it  passes  into  yellow-gray  silt  loam  (1134).  As  a rule,  the  surface  soil  is 
not  so  granular  as  the  ordinary  brown  silt  loam. 

The  subsurface  is  represented  by  a stratum  10  to  12  inches  thick.  The  color 
varies  from  a brown  to  a gray  or  grayish  brown,  the  upper  part  of  the  stratum 
usually  being  brown,  while  the  lower  part  is  decidedly  gray  or  grayish  brown. 
It  differs  from  the  surface  soil  principally  in  the  amount  of  organic  matter  it 
contains,  having  1.2  percent  as  compared  with  4 percent  in  the  top  stratum. 

The  natural  subsoil  begins  at  a depth  of  16  to  18  inches,  as  a yellowish, 
almost  impervious,  silty  clay,  and  has  a thickness  of  10  to  15  inches.  It  is  usually 
underlain  by  a rather  pervious  silt.  This  tight  clay  layer  obstructs  drainage  to 
such  an  extent  that  percolation  is  not  very  rapid,  hence  the  soil  dries  very  slowly. 
The  land  should  be  tiled  thoroly,  unless  surface  drainage  is  sufficient.  In  order 
to  do  this,  the  lines  of  tile  should  be  placed  not  over  four  rods  apart. 

Care  should  be  taken,  on  this  type,  to  maintain  or  increase  the  amount  of  or- 
ganic matter  by  the  proper  rotation  of  crops  and  the  turning  under  of  crop  resi- 
dues and  farm  manures.  Deep-rooting  crops,  such  as  red,  mammoth,  and  sweet 
clover,  should  be  grown  so  as  to  render  the  tight  clay  more  permeable  to  air  and 
water. 

From  Table  2 it  will  be  seen  that  the  surface  soil  contains  only  4,200  pounds 
of  nitrogen  and  1,380  pounds  of  phosphorus  per  acre.  To  increase  these  amounts, 
liberal  applications  of  fine-ground  rock  phosphate  should  be  made  in  connection 
with  decaying  organic  matter,  as  on  the  brown  silt  loam.  This  type  is  distinctly 
acid  in  surface,  subsurface,  and  subsoil.  Limestone  should  be  applied  at  the  rate 
of  2 to  3 tons  per  acre  every  four  to  six  years.  The  initial  applications  may  well 
be  1 ton  of  phosphate  and  4 tons  of  limestone. 

Gravelly  Loam  (1190  or  990) 

Gravelly  loam  occupies  many  areas  on  the  upland  but  covers  a total  of  only 
96  acres.  These  areas  are  small  and  isolated,  representing  small  gravel  ridges  re- 
cently covered  by  fine  wind-blown  material. 

The  organic  matter  of  the  soil  should  be  maintained,  and  in  other  respects 
the  treatment  should  be  the  same  as  for  the  brown  silt  loam,  except  that  phos- 
phorus need  not  be  added,  because  of  the  deep  feeding  range  afforded  plant  roots. 

(b)  Upland  Timber  Soils 

The  upland  timber  soils  occur  along  streams,  or,  in  some  cases,  on  or  near 
somewhat  steep  morainal  ridges.  They  are  characterized  by  a yellow,  yellowish 
gray,  or  gray  color,  due  to  their  low  organic-matter  content.  This  lack  of  or- 
ganic matter  has  been  caused  by  the  long-continued  growth  of  forest  trees.  As 
the  forests  invaded  the  prairies,  two  effects  were  produced:  (1)  the  shading  of 
the  trees  prevented  the  growth  of  prairie  grasses,  the  roots  of  which  are  mainly 
responsible  for  the  large  amount  of  organic  matter  in  prairie  soils;  (2)  the  trees 
themselves  added  very  little  organic  matter  to  the  soil,  for  the  leaves  and  branches 
either  decayed  completely  or  were  burned  by  forest  fires.  As  a result  the  or- 
ganic-matter content  of  the  upland  timber  soils  has  been  reduced  until  in  some 
parts  of  the  state  a low  condition  of  apparent  equilibrium  has  been  reached. 
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Yellow-Gray  Silt  Loam  (1134  or  934) 

Yellow-gray  silt  loam  occurs  in  the  outer  timber  belts  along  streams  and  in 
the  less  rolling  of  the  timbered  morainal  areas.  The  type  covers  73.42  square 
miles  (46,989  acres),  or  6.23  percent  of  the  entire  area  of  the  county.  In  top- 
ography it  is  sufficiently  rolling  for  good  surface  drainage,  without  much  ten- 
dency to  wash  if  proper  care  is  taken. 

The  surface  soil,  0 to  6%  inches,  is  a yellow,  yellowish  gray,  gray,  or  brown- 
ish gray  silt  loam,  incoherent  but  not  granular.  The  more  nearly  level  areas  are 
gray  in  color,  while  the  more  rolling  phase  of  the  type  has  a yellow  or  brownish 
yellow  color.  As  the  type  approaches  the  brown  silt  loam,  it  becomes  decidedly 
darker.  The  organic-matter  content  averages  2.9  percent,  or  29  tons  per  acre, 
but  it  varies  considerably  with  topography.  As  the  type  approaches  the  brown 
silt  loam,  the  organic  matter  amounts  to  as  much  as  3.8  percent*  while  as  it  ap- 
proaches the  yellow  silt  loam,  it  diminishes  to  as  low  as  2.3  percent.  In  some 
cases  it  is  extremely  difficult  to  draw  the  line  between  the  long-cultivated  brown 
silt  loam  and  the  yellow-gray  silt  loam,  because  of  the  gradation  between  the  types. 

The  subsurface  stratum  varies  from  3 to  10  inches  in  thickness,  erosion  hav- 
ing reduced  its  thickness  on  the  more  rolling  areas.  It  is  usually  a gray,  grayish 
yellow,  or  yellow  silt  loam,  somewhat  pulverulent,  but  becoming  more  coherent 
and  plastic  with  depth.  The  amount  of  organic  matter  is  about  1 percent,  or  20 
tons  per  acre  in  the  four  million  pounds  of  soil. 

The  subsoil  is  a yellow  or  mottled  grayish  yellow,  clayey  silt  or  silty  clay, 
somewhat  plastic  when  wet,  but  friable  when  only  moist,  and  pervious  to  water. 
Glacial  drift  is  sometimes  encountered  at  a depth  of  less  than  40  inches.  This  is 
due  to  the  removal  by  erosion  of  part  of  the  loessial  material.  The  glacial  drift 
may  be  locally  a very  gravelly  deposit,  but  usually  it  is  a slightly  gravelly  clay 
and  in  some  places  is  lacking  in  permeability.  Otherwise,  each  stratum  of  this 
type  is  quite  pervious  to  water,  except  in  the  level  gray  areas,  where  the  tight 
and  more  or  less  compact  clayey  layer  has  been  formed  at  a depth  cf  18  to  24 
inches.  Small  areas  of  light  gray  silt  loam  on  tight  clay  are  found  in  the  county, 
but  none  large  enough  to  be  shown  on  the  map. 

In  the  management  of  this  type  one  of  the  most  essential  things  is  the  main- 
taining or  the  increasing  of  organic  matter.  This  is  necessary  in  order  to  supply 
nitrogen  and  liberate  mineral  plant  food,  to  give  better  tilth,  to  prevent  ‘ ‘ running 
together,’’  and  on  some  of  the  more  rolling  phases,  to  prevent  washing. 

Another  essential  is  the  neutralization  of  the  acidity  of  the  soil  by  the  appli- 
cation of  ground  limestone,  so  that  clover,  alfalfa,  and  other  legumes  may  be 
grown  more  successful^.  The  initial  application  may  well  be  4 or  5 tons  per 
acre,  after  which  2 tons  per  acre  every  four  or  five  years  will  be  sufficient.  Since 
the  soil  is  poor  in  phosphorus,  this  element  should  be  applied,  preferably  in  con- 
nection with  farm  manure  or  clover  plowed  under.  In  permanent  systems  of 
farming,  fine-ground  natural  rock  phosphate  will  be  found  the  most  economical 
form  in  which  to  supply  the  phosphorus,  altho  steamed  bone  meal  or  acid  phos- 
phate may  well  be  used  temporarily  until  plenty  of  decaying  organic  matter  can 
be  provided. 

For  definite  results  from  the  most  practical  field  experiments  upon  typical 
yellow-gray  silt  loam,  we  must  go  down  into  “ Egypt,”  where  the  people  of  Saline 
county,  especially  those  in  the  vicinity  of  Raleigh  and  Galatia,  have  provided 
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the  University  with  a very  suitable  tract  of  this  type  of  soil  for  a permanent 
experiment  field.  There,  as  an  average  of  duplicate  trials  each  year  for  the  four 
years  1911  to  1914,  the  crop  values  from  four  acres  were  $16.44  from  untreated 
land,  $18.22  where  organic  manures  were  applied  in  proportion  to  the  amount 
of  crops  produced,  and  $33.58  where  6 tons  per  acre  of  limestone  and  the  organic 
manures  were  applied, — the  wheat,  corn,  oats,  and  clover  (or  cowpeas  or  soy- 
beans) grown  in  the  rotation  being  valued  at  the  “lower  prices’ ’ heretofore  men- 
tioned. Owing  to  the  low  supply  of  organic  matter,  phosphorus  produced  almost 
no  benefit,  as  an  average,  during  the  first  two  years ; but  with  increasing  applica- 
tions of  organic  matter,  the  effect  of  phosphorus  is  becoming  more  apparent  in 
subsequent  crops.  Of  course  the  full  benefit  of  a four-year  rotation  cannot  be 
realized  during  the  first  four  years.  The  farm  manure  was  applied  to  one  field 
each  year,  and  the  fourth  field  received  no  manure  until  the  fourth  year.  Like- 
wise, crop  residues  plowed  under  during  the  first  rotation  may  not  be  fully  recov- 
ered in  subsequent  increased  yields  until  the  second  or  third  rotation  period. 

While  limestone  is  the  material  first  needed  for  the  economic  improvement 
of  the  more  acid  soils  of  southern  Illinois,  with  organic  manures  and  phosphorus 
to  follow  in  order,  the  less  acid  soils  of  the  central  part  of  the  state  are  first  in 
need  of  phosphorus,  altho  limestone  and  organic  matter  must  also  be  provided  for 
permanent  and  best  results. 

Table  12  shows  in  detail  thirteen  years’  results  secured  from  the  Antioch 
soil  experiment  field  located  in  Lake  county  on  the  yellow-gray  silt  loam  of  the 
late  Wisconsin  glaciation.  In  acidity  this  type  in  McLean  county  is  intermediate 
between  the  similar  soils  in  Saline  and  Lake  counties,  but  no  experiment  field 
has  been  conducted  on  this  important  soil  type  in  the  early  Wisconsin  glaciation, 
in  which  McLean  county  is  situated. 

The  Antioch  field  was  started  in  order  to  learn  as  quickly  as  possible  what 
effect  would  be  produced  by  the  addition  to  this  type  of  soil,  of  nitrogen,  phos- 
phorus, and  potassium,  singly  and  in  combination.  These  elements  were  all 
added  in  commercial  form  until  1911,  after  which  the  use  of  commercial  nitrogen 
was  discontinued  and  crop  residues  were  substituted  in  its  place.  (See  report  of 
Urband  field  for  further  explanations,  page  7.)  Only  a small  amount  of  lime 
was  applied  at  the  beginning,  in  harmony  with  the  teaching  which  was  common 
at  that  time;  furthermore,  Plot  101  proved  to  be  abnormal,  so  that  no  conclu- 
sions can  be  drawn  regarding  the  effect  of  lime.  In  order  to  ascertain  the  effect 
produced  by  additions  of  the  different  elements  singly,  Plot  102  must  be  re- 
garded as  the  check  plot.  Three  other  comparisons  are  also  possible  to  deter- 
mine the  effect  of  each  element  under  different  conditions. 

As  an  average  of  40  tests  (4  each  year  for  ten  years),  liberal  applications 
of  commercial  nitrogen  produced  a slight  decrease  in  crop  values;  but  as  an 
average  of  thirteen  years  each  dollar  invested  in  phosphorus  paid  back  $2.54 
(Plot  104),  while  potassium  applied  in  addition  to  phosphorus  (Plot  108)  pro- 
duced no  increase,  the  crops  being  valued  at  the  lower  prices  used  in  the  tabular 
statement.  Thus,  while  the  detailed  data  show  great  variation,  owing  both  to 
some  irregularity  of  soil  and  to  some  very  abnormal  seasons,  with  three  almost 
complete  crop  failures  (1904,  1907,  and  1910),  yet  the  general  summary  strongly 
confirms  the  analytical  data  in  showing  the  need  of  applying  phosphorus  and 
the  profit  from  its  use,  and  the  loss  in  adding  potassium.  In  most  cases  com- 
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^rop  residues  in  place  of  commercial  nitrogen  after  1911. 

2Figures  in  parentheses  indicate  bushels  of  seed;  the  others,  tons  of  hay. 
3No  seed  produced:  clover  plowed  under  on  these  plots. 
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Table  13. — Value  of  Crops  per  Acre  in  Thirteen  Years,  Antioch  Field 


Plot 

Soil  treatment  applied 

Total  value  of 
thirteen  crops 

Lower 

prices1 

Higher 

prices2 

101 

None  

$135.12 

$193.03 

102 

119.74 

171.06 

103 

104 

Lime,  nitrogen 

124.70 

178.15 

Lime,  phosphorus  

202.20 

288.85 

105 

Lime,  potassium 

138.88 

198.40 

106 

107 

Lime,  nitrogen,  phosphorus 

179.41 

256.31 

Lime,  nitrogen,  potassium 

133.54 

190.77 

108 

Nitrogen,  phosphorus,  potassium 

201.35 

287.65 

109 

Lime,  nitrogen,  phosphorus,  potassium 

191.22 

273.18 

110 

Nitrogen,  phosphorus,  potassium 

181.18 

258.83 

Value  of  Increase  per  Acre  in  Thirteen  Years 


For  nitrogen 

$ 4.96 
82.46 

$ 7.09 
117.79 

For  phosphorus 

For  nitrogen  and  phosphorus  over  phosphorus 

-22.79 

-32.54 

For  phosphorus  and  nitrogen  over  nitrogen 

54.71 

78.16 

For  potassium,  nitrogen,  and  phosphorus  over  nitrogen  and  phosphorus.  . . 

11.81 

16.87 

1Wheat  at  70  cents  a bushel,  corn  at  35  cents,  oats  at  28  cents,  hay  at  $7  a ton. 
2Wheat  at  $1  a bushel,  corn  at  50  cents,  oats  at  40  cents,  hay  at  $10  a ton. 


mercial  nitrogen  damaged  the  small  grains  by  causing  the  crop  to  lodge ; but  in 
those  years  when  a corn  yield  of  40  bushels  or  more  was  secured  by  the  appli- 
cation of  phosphorus  either  alone  or  with  potassium,  then  the  addition  of  nitro- 
gen produced  an  increase. 

From  a comparison  of  the  results  from  the  Urbana,  Sibley,  and  Blooming- 
ton fields,  we  must  conclude  that  better  yields  are  to  be  secured  by  providing 
nitrogen  by  means  of  farm  manure  or  legume  crops  grown  in  the  rotation  than 
by  the  use  of  commercial  nitrogen,  which  is  evidently  too  readily  available,  caus- 
ing too  rapid  growth  and  consequent  weakness  of  straw;  and  of  course  the  at- 
mosphere is  the  most  economic  source  of  nitrogen  where  that  element,  is  needed 
for  soil  improvement  in  general  farming.  (See  Appendix  for  detailed  discussion 
of  “Permanent  Soil  Improvement.”) 

Yellow  Silt  Loam  (1135  or  935) 

Yellow  silt  loam  covers  27.43  square  miles  (17,555  acres)  and  constitutes 
2.36  percent  of  the  entire  area  of  the  county.  It  occurs  as  the  hilly  and  badly 
eroded  land  on  the  inner  timber  belts  adjacent  to  the  streams,  usually  only  in 
narrow,  irregular  strips  with  arms  extending  up  the  small  valleys.  In  topog- 
raphy it  is  very  rolling,  and  in  most  places  so  badly  broken  that  it  should  not  be 
cultivated  because  of  the  danger  of  injury  from  washing. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  or  grayish  yellow,  pulverulent 
silt  loam.  It  varies  greatly  in  color  and  texture,  owing  to  recent  washing.  In 
places  the  natural  subsoil  may  be  exposed.  This  exposure  gives  it  a decidedly 
yellow  color.  The  soil  freshly  plowed  appears  yellow  or  brownish  yellow,  but  when 
it  becomes  dry  after  a rain,  it  is  of  a grayish  color.  In  some  places  the  surface  soil 
is  formed  from  glacial  drift,  but  this  is  only  on  very  limited  areas  and  on  the 
steepest  slopes.  The  organic-matter  content  is  the  lowest  of  any  type  in  the 
county,  being  only  1.5  percent,  or  15  tons  per  acre.  It  varies,  however,  from  1.2 
to  1.8  percent. 
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The  subsurface  varies  from  a yellow  silt  loam  to  a yellow  clayey  silt  loam, 
and  on  the  steepest  slopes  may  consist  of  weathered  glacial  drift.  The  thickness 
of  the  stratum  varies  from  5 to  12  inches,  depending  on  the  amount  of  recent 
erosion.  The  organic-matter  content  amounts  to  only  12  tons  per  acre. 

The  subsoil  consists  normally  of  a yellow  clayey  silt,  but  in  some  areas  may 
be  composed  entirely  of  glacial  drift. 

The  first  and  most  important  thing  in  the  management  of  this  type  is  to  pre- 
vent general  surface  washing  and  gullying.  If  the  land  is  cropped  at  all,  a rota- 
tion should  be  practiced  that  will  require  a cultivated  crop  as  little  as  possible, 
and  allow  pasture  and  meadow  most  of  the  time.  If  tilled,  the  land  should  be 
plowed  deeply  and  contours  should  be  followed  as  nearly  as  possible  in  plowing, 
planting,  and  cultivating.  Furrows  should  not  be  made  up  and  down  the  slopes. 
Every  means  should  be  employed  to  maintain  and  increase  the  organic-matter 
content.  This  will  help  hold  the  soil  and  keep  it  in  good  physical  condition  so 
that  it  will  absorb  a large  amount  of  water  and  thus  diminish  the  run-off.  (See 
Circular  119,  “ Washing  of  Soils  and  Methods  of  Prevention.  ”) 

Additional  treatment  recommended  for  this  yellow  silt  loam  is  the  liberal 
use  of  limestone  wherever  cropping  is  practiced.  This  type  is  quite  acid  and 
very  deficient  in  nitrogen;  and  the  limestone,  by  correcting  the  acidity  of  the 
soil,  is  especially  beneficial  to  the  clover  grown  to  increase  the  supply  of  nitro- 
gen. Where  this  soil  has  been  long  cultivated  and  thus  exposed  to  surface  wash- 
ing, it  is  particularly  deficient  in  nitrogen ; indeed,  on  such  lands  the  low  supply 
of  nitrogen  is  the  factor  that  first  limits  the  growth  of  grain  crops.  This  fact 
is  very  strikingly  illustrated  by  the  results  from  two  pot-culture  experiments  re- 
ported in  Tables  14  and  15,  and  shown  photographically  in  Plates  7 and  8. 

In  one  experiment,  a large  quantity  of  the  typical  worn  hill  soil  was  col- 
lected from  two  different  places.1  Each  lot  of  soil  was  thoroly  mixed  and  put 
in  ten  four- gallon  jars.  Ground  limestone  was  added  to  all  the  jars  except  the 
first  and  last  in  each  set,  those  two  being  retained  as  control  or  check  pots.  The 
elements  nitrogen,  phosphorus,  and  potassium  were  added  singly  and  in  com- 
bination, as  shown  in  Table  14. 

As  an  average,  the  nitrogen  applied  produced  a yield  about  eight  times  as 
large  as  that  secured  without  the  addition  of  nitrogen.  While  some  variations 
in  yield  are  to  be  expected,  because  of  differences  in  the  individuality  of  seed  or 
other  uncontrolled  causes,  yet  there  is  no  doubting  the  plain  lesson  taught  by 
these  actual  trials  with  growing  plants. 

The  question  arises  next,  Where  is  the  farmer  to  secure  this  much-needed 
nitrogen  ? To  purchase  it  in  commercial  fertilizers  would  cost  too  much ; indeed, 
under  average  conditions  the  cost  of  the  nitrogen  in  such  fertilizers  is  greater 
than  the  value  of  the  increase  in  crop  yields. 

But  there  is  no  need  whatever  to  purchase  nitrogen,  for  the  air  contains  an 
inexhaustible  supply  of  it,  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.  Clover,  alfalfa,  cow- 
peas,  and  soybeans  are  not  only  worth  raising  for  their  own  sake,  but  they  have 
the  power  to  secure  nitrogen  from  the  atmosphere  if  the  soil  contains  limestone 
and  the  proper  nitrogen-fixing  bacteria. 

1Soil  for  wheat  pots  from  loess-covered  unglaeiated  area,  and  that  for  oat  pots  from 
upper  Illinois  glaciation. 
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To  secure  further  information  along  this  line,  another  experiment  with  pot 
cultures  was  conducted  for  several  years  with  the  same  type  of  worn  hill  soil  as 
that  used  for  wheat  in  the  former  experiment.  The  results  are  reported  in 
Table  15. 

To  three  pots  (Nos.  3,  6,  and  9)  nitrogen  was  applied  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  the  crops  produced.  In 
three  other  pots  (Nos.  2,  11,  and  12)  a crop  of  cowpeas  was  grown  during  the 
late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were  planted. 
Pots  1 and  8 served  for  important  comparisons.  After  the  second  cover  crop  of 
cowpeas  had  been  turned  under,  the  yield  from  Pot  2 exceeded  that  from  Pot  3 ; 
and  in  the  subsequent  years  the  legume  green  manures  produced,  as  an  average, 
rather  better  results  than  the  commercial  nitrogen.  This  experiment  confirms 
that  reported  in  Table  14,  in  showing  the  very  great  need  of  nitrogen  for  the 
improvement  of  this  type  of  soil,  and  it  also  shows  that  nitrogen  need  not  be 
purchased  but  that  it  can  be  obtained  from  the  air  by  growing  legume  crops  and 
plowing  them  under  as  green  manure.  Of  course  the  soil  can  be  very  markedly 
improved  by  feeding  the  legume  crops  to  live  stock  and  returning  the  resulting 


Plate  7. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  14) 


Table  14. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn 

Hill  Land 

(Grams  per  pot) 


Pot 

No. 


Soil  treatment  applied 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


None 

Limestone 

Limestone,  nitrogen 

Limestone,  phosphorus 

Limestone,  potassium 

Limestone,  nitrogen,  phosphorus 

Limestone,  nitrogen,  potassium 

Limestone,  phosphorus,  potassium 

Limestone,  nitrogen,  phosphorus,  potassium 
None 


Average  yield  with  nitrogen.  . 
Average  yield  without  nitrogen 

Average  gain  for  nitrogen .... 


Wheat 

Oats 

3 

5 

4 

4 

26 

45 

3 

6 

3 

5 

34 

38 

33 

46 

2 

5 

34 

38 

3 

5 

32 

42 

3 

5 

29 

37 

36 
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farm  manure  to  the  land,  if  legumes  are  grown  frequently  enough  and  if  the  farm 
manure  produced  is  sufficiently  abundant  and  is  saved  and  applied  with  care. 

As  a rule,  it  is  not  advisable  to  try  to  enrich  this  type  of  soil  in  phosphorus, 
for  with  the  erosion  that  is  sure  to  occur  to  some  extent  the  phosphorus  supply 
wall  be  renewed  from  the  subsoil. 

Probably  the  best  legumes  for  this  type  of  soil  are  sweet  clover  and  alfalfa. 
On  soil  deficient  in  organic  matter  sweet  clover  grows  better  than  almost  any 
other  legume,  and  the  fact  that  it  is  a very  deep-rooting  plant  makes  it  of  value 
in  increasing  organic  matter  and  preventing  washing.  Worthless  slopes  that 
have  been  ruined  by  washing  may  be  made  profitable  as  pasture  by  growing  sweet 
clover.  The  blue  grass  of  pastures  may  well  be  supplemented  by  sweet  clover 
and  alfalfa,  and  a larger  growth  obtained,  because  the  legumes  provide  the  neces- 
sary nitrogen  for  the  blue  grass. 

To  get  alfalfa  well  started  requires  the  liberal  use  of  limestone,  thoro  inocu- 
lation with  nitrogen-fixing  bacteria,  and  a moderate  application  of  farm  manure. 
If  manure  is  not  available,  it  is  well  to  apply  about  500  pounds  per  acre  of  acid 
phosphate,  or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if  possible,  and 
then  plow  it  under.  The  limestone  (about  5 tons)  should  be  applied  after  plow- 
ing and  should  be  mixed  with  the  surface  soil  in  the  preparation  of  the  seed  bed. 
The  special  purpose  of  this  treatment  is  to  give  the  alfalfa  a quick  start  in  order 
that  it  may  grow  rapidly  and  thus  protect  the  soil  from  washing. 

I ^ 


Plate  8. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  15) 

Table  15. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill 
Land  and  Nitrogen-Fixing  Green  Manure  Crops 


(Grams  per  pot) 


Pot 

No. 

Soil  treatment 

1903 

Wheat 

1904 

Wheat 

1905 

Wheat 

1906 

Wheat 

1907 

Oats 

1 

None  

5 

4 

4 

4 

6 

2 

Limestone,  legume  

10 

17 

26 

19 

37 

11 

Limestone,  legume,  phosphorus  

14 

19 

20 

18 

27 

12 

Limestone,  legume,  phosphorus,  potassium.  . 

16 

20 

21 

19 

30 

3 

Limestone,  nitrogen  

17 

14 

15 

9 

28 

6 

Limestone,  nitrogen,  phosphorus  

26 

20 

18 

18 

30 

9 

Limestone,  nitrogen,  phosphorus,  potassium 

31 

34 

21 

20 

26 

8 

Limestone,  phosphorus,  potassium  

3 

3 

5 

3 

7 
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(c)  Terrace  Soils 

Terrace  soils  were  formed  on  terraces  or  old  fills  in  valleys.  The  terraces 
owe  their  formation  generally  to  the  deposition  of  material  from  an  overloaded 
and  flooded  stream  during  the  melting  of  the  glaciers.  The  material  varied  from 
fine  to  coarse.  These  valleys  were  sometimes  filled  almost  to  the  height  of  the 
upland.  Later  the  streams  cut  down  thru  these  fills  and  developed  new  bottom 
lands,  or  flood  plains,  at  a lower  level,  leaving  part  of  the  old  fill  as  a terrace.  The 
lowest  and  most  recently  formed  bottom  land  is  called  first  bottom.  The  higher 
land  no  longer  flooded  (or  very  rarely,  at  most)  is  generally  designated  as  second 
bottom.  Finer  material  later  deposited  on  this  sand  and  gravel  of  the  fill  now 
constitutes  the  soil.  The  terraces  occur  along  the  Mackinaw  and  Sangamon  rivers. 

Brown  Silt  Loam  over  Gravel  (1527) 

Brown  silt  loam  over  gravel  occurs  along  the  Sangamon  river  in  very  limi- 
ted areas.  The  total  area  is  only  166  acres. 

The  surface  soil,  0 to  6%  inches,  is  a brown  to  a dark  brown  silt  loam,  con- 
taining some  sand  and  5.7  percent  of  organic  matter,  or  57  tons  per  acre.  The 
topography  is  slightly  undulating. 

The  subsurface  soil  varies  from  a brown  to  a yellowish  brown  or  yellowish 
drab  silt  loam,  and  the  lower  part  of  the  stratum  at  a depth  of  16  to  18  inches 
contains  fragments  of  sand  and  gravel. 

The  subsoil  is  a yellowish  or  drab-colored  silt  or  clayey  silt,  which  becomes 
quite  gravelly  at  35  to  48  inches  and  passes  into  rather  a pure  gravel. 

This  type,  as  a rule,  is  well  drained,  because  of  the  pervious  character  of  the 
subsoil.  The  treatment  should  be  the  same  as  for  brown  silt  loam,  except  that  the 
addition  of  phosphorus  is  not  likely  to  be  profitable,  because  of  the  deep  feeding 
range  afforded  plant  roots. 

Brown  Silt  Loam  on  Gravel  (1526.2) 

Brown  silt  loam  on  gravel  covers  an  area  of  1.77  square  miles  (1,132  acres), 
or  only  .15  percent  of  the  total  area  of  the  county.  It  differs  from  the  brown  silt 
loam  over  gravel  only  in  the  fact  that  gravel  is  within  30  inches  of  the  surface. 
Because  of  the  nearness  of  the  gravel  the  type  is  more  susceptible  to  drouth  than 
if  this  stratum  were  deeper. 

The  treatment  for  this  type  should  be  practically  the  same  as  for  the  preced- 
ing. There  is,  however,  a greater  necessity  for  increasing  the  organic  matter, 
because  the  soil  contains  less  of  that  constituent. 

Yellow-Gray  Silt  Loam  on  Gravel  (1534.2) 

Yellow- gray  silt  loam  on  gravel  is  found  along  both  the  Mackinaw  and  San- 
gamon rivers.  It  represents  the  terrace  soil  that  has  been  covered  by  a growth  of 
trees  and  is  consequently  low  in  organic  matter.  The  total  area  is  621  acres. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  or  yellowish  gray  silt  loam  with 
an  organic-matter  content  of  3.1  percent,  or  31  tons  per  acre. 

The  subsurface  is  a yellow  silt  loam  containing  a perceptible  amount  of  sand. 

The  subsoil  is  a yellow  silt  or  clayey  silt,  passing  into  the  gravel  at  a depth 
of  12  to  30  inches.  Local  borings  are  obtained  where  the  gravel  layer  may  be 
slightly  below  30  inches. 
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This  soil  needs  nitrogen  and  organic  matter  as  the  most  essential  things  in 
its  improvement. 

(d)  Swamp  and  Bottom-Land  Soils 
Deep  Peat  (1401) 

A few  small  areas  of  deep  peat,  aggregating  83  acres,  are  mapped  in  this 
county.  They  occur  in  low,  poorly  drained  places  in  bottom  land  or  swamps. 

The  surface  soil,  0 to  6%  inches,  is  black,  generally  well  decomposed,  and 
contains  about  55  percent  of  organic  matter.  The  subsurface  is  very  similar  to 
the  surface,  but  the  organic-matter  content  is  not  so  high,  being  about  50  percent. 
The  subsoil  is  quite  variable ; in  some  places  it  passes  into  a drab  silty  clay  and  in 
others  it  is  peaty  to  a depth  of  40  inches.  It  frequently  contains  shells  mingling 
with  the  organic  matter. 

Drainage  is  of  course  the  first  essential  for  this  type.  If  it  does  not  produce 
well  when  drained,  trials  should  be  made  with  potassium.  (See  Bulletin  157.) 

Deep  Brown  Silt  Loam  ( Bottom  Land ) (1426) 

Deep  brown  silt  loam  occurs  along  the  streams,  chiefly  in  the  southwestern 
part  of  the  county.  It  aggregates  23.88  square  miles,  or  2 percent  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam  containing  from  5 to  8 
percent  of  organic  matter.  It  varies  somewhat  in  physical  composition  from  a 
heavy  phase  to  one  containing  sand  in  sufficient  amounts  to  be  called  a sandy 
loam.  This  latter,  however,  does  not  occur  iii  areas  large  enough  to  be  mapped. 

The  subsurface  soil  is  similar  to  the  surface  except  that  the  organic-matter 
content  is  slightly  lower,  varying  from  4 to  7 percent,  and  consequently  the  soil 
is  a little  lighter  in  color.  The  subsoil  is  not  so  dark  as  the  surface  and  contains 
local  areas  of  coarse  material. 

Where  proper  drainage  is  secured,  this  type  is  very  productive.  As  a rule, 
where  it  is  subject  to  frequent  overflow  nothing  else  is  needed  except  good  farm- 
ing. Even  the  systematic  rotation  of  crops  is  not  so  important  where  the  land  is 
subject  to  occasional  overflow;  but  where  it  lies  high  or  is  protected  from  over- 
flow by  dikes,  a rotation  including  legume  crops  should  be  practiced,  and  ulti- 
mately provision  should  be  made  for  the  enrichment  of  such  protected  land  in 
both  phosphorus  and  organic  matter,  and,  if  acid,  in  limestone. 

Mixed  Loam  ( Bottom  Land)  (1454) 

Mixed  loam  occurs  chiefly  north  of  the  Bloomington  moraine.  It  aggregates 
18  square  miles,  or  1.5  percent  of  the  county.  It  varies  quite  widely  in  its  physi- 
cal composition,  including  sand,  sandy  loam,  silt  loam,  and  possibly  some  clay 
loam.  Its  character  changes  more  or  less  with  each  flood ; hence  it  is  impracti- 
cable to  attempt  to  separate  it  into  distinct  types.  The  amount  of  organic  matter 
in  the  surface  soil  is  about  5.5  percent,  which  is  equivalent  to  55  tons  per  acre. 

The  subsurface  is  a dark  soil,  varying  in  physical  composition  from  a sandy 
loam  to  a clay  loam.  The  organic-matter  content  is  about  4.6  percent. 

The  subsoil  is  slightly  lighter  in  color  than  the  subsurface,  with  a variable 
composition  similar  to  that  of  the  other  strata. 

This  type  is  fertile,  and  no  treatment  is  suggested  beyond  that  mentioned  for 
the  preceding  type,  deep  brown  silt  loam. 
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APPENDIX 

A study  of  the  soil  map  and  the  tabular  statements  concerning  crop  require- 
ments, the  plant-food  content  of  the  different  soil  types,  and  the  actual  results 
secured  from  definite  field  trials  with  different  methods  or  systems  of  soil  im- 
provement, and  a careful  study  of  the  discussion  of  general  principles  and  of 
the  descriptions  of  individual  soil  types,  will  furnish  the  most  necessary  and  use- 
ful information  for  the  practical  improvement  and  permanent  preservation  of 
the  productive  power  of  every  kind  of  soil  on  every  farm  in  the  county. 

More  complete  information  concerning  the  most  extensive  and  important  soil 
types  in  the  great  soil  areas  in  all  parts  of  Illinois  is  contained  in  Bulletin  123, 
“The  Fertility  in  Illinois  Soils,”  which  contains  a colored  general  soil-survey 
map  of  the  entire  state. 

Other  publications  of  general  interest  are : 

Bulletin  No.  76,  “Alfalfa  on  Illinois  Soils” 

Bulletin  No.  94,  “Nitrogen  Bacteria  and  Legumes” 

Bulletin  No.  115,  “Soil  Improvement  for  the  Worn  Hill  Lands  of  Illinois” 

Bulletin  No.  125,  “Thirty  Years  of  Crop  Rotation  on  the  Common  Prairie  Lands  of 
Illinois” 

Circular  No.  82,  “Physical  Improvement  of  Soils” 

Circular  No.  110,  “Ground  Limestone  for  Acid  Soils” 

Circular  No.  127,  “Shall  We  Use  Natural  Rock  Phosphate  or  Manufactured  Acid  Phos- 
phate for  the  Permanent  Improvement  of  Illinois  Soils?” 

Circular  No.  129,  “The  Use  of  Commercial  Fertilizers” 

Circular  No.  149,  “Results  of  Scientific  Soil  Treatment”  and  “Methods  and  Results  of 
Ten  Years ’ Soil  Investigation  in  Illinois” 

Circular  No.  165,  “Shall  We  Use  1 Complete ’ Commercial  Fertilizers  in  the  Corn  Belt?” 

Circular  No.  167,  “The  Illinois  System  of  Permanent  Fertility” 

Note. — Information  as  to  where  to  obtain  limestone,  phosphate,  bone  meal,  and  potas- 
sium salts,  methods  of  application,  etc.,  vrill  also  be  found  in  Circulars  110  and  165. 

Soil  Survey  Methods 

The  detail  soil  survey  of  a county  consists  essentially  of  ascertaining,  and 
indicating  on  a map,  the  location  and  extent  of  the  different  soil  types;  and, 
since  the  value  of  the  survey  depends  upon  its  accuracy,  every  reasonable  means 
is  employed  to  make  it  trustworthy.  To  accomplish  this  object  three  things  are 
essential : first,  careful,  well-trained  men  to  do  the  work ; second,  an  accurate 
base  map  upon  which  to  show  the  results  of  the  work;  and,  third,  the  means 
necessary  to  enable  the  men  to  place  the  soil-type  boundaries,  streams,  etc., 
accurately  upon  the  map. 

The  men  selected  for  the  work  must  be  able  to  keep  their  location  exactly 
and  to  recognize  the  different  soil  types,  with  their  principal  variations  and  lim- 
its, and  they  must  show  these  upon  the  maps  correctly.  A definite  system  is 
employed  in  checking  up  this  work.  As  an  illustration,  one  soil  expert  will  sur- 
vey and  map  a strip  80  rods  or  160  rods  wide  and  any  convenient  length,  while 
his  associate  will  work  independently  on  another  strip  adjoining  this  area,  and, 
if  the  work  is  correctly  done,  the  soil  type  boundaries  must  match  up  on  the 
line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  mapping. 
The  base  maps  are  made  on  a scale  of  one  inch  to  the  mile.  The  official  data 
of  the  original  or  subsequent  land  survey  are  used  as  a basis  in  the  construc- 
tion of  these  maps,  while  the  most  trustworthy  county  map  available  is  used  in 
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locating  temporarily  the  streams,  roads,  and  railroads.  Since  the  best  of  these 
published  maps  have  some  inaccuracies,  the  location  of  every  road,  stream,  and 
railroad  must  be  verified  by  the  soil  surveyors,  and  corrected  if  wrongly  located. 
In  order  to  make  these  verifications  and  corrections,  each  survey  party  is  pro- 
vided with  an  odometer  for  measuring  distances,  and  a plane  table  for  deter- 
mining directions  of  angling  roads,  railroads,  etc. 

Each  surveyor  is  provided  with  a base  map  of  the  proper  scale,  which  is 
carried  with  him  in  the  field ; and  the  soil-type  boundaries,  ditches,  streams,  and 
necessary  corrections  are  placed  in  their  proper  locations  upon  the  map  while 
the  mapper  is  on  the  area.  Each  section,  or  square  mile,  is  divided  into  40-acre 
plots  on  the  map,  and  the  surveyor  must  inspect  every  ten  acres  and  determine 
the  type  or  types  of  soil  composing  it.  The  different  types  are  indicated  on  the 
map  by  different  colors,  pencils  for  this  purpose  being  carried  in  the  field. 

A small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  carried  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle,  while  distances  in  the  field  off 
the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become  expert  by 
practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a degree  of  ac- 
curacy as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 


Soil  Characteristics 


The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more  or 
less  definite  characteristics.  The  line  of  separation  between  adjoining  types  is 
usually  distinct,  but  sometimes  one  type  grades  into  another  so  gradually  that 
it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

Several  factors  must  be  taken  into  account  in  establishing  soil  types.  These 
are  (1)  the  geological  origin  of  the  soil,  whether  residual,  glacial,  loessial,  al- 
luvial, colluvial,  or  cumulose;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  structure,  or  the  depth 
and  character  of  the  surface,  subsurface,  and  subsoil;  (5)  the  physical,  or  me- 
chanical, composition  of  the  different  strata  composing  the  soil,  as  the  percent- 
ages of  gravel,  sand,  silt,  clay,  and  organic  matter  which  they  contain;  (6)  the 
texture,  or  porosity,  granulation,  friability,  plasticity,  etc.;  (7)  the  color  of  the 
strata;  (8)  the  natural  drainage;  (9)  the  agricultural  value,  based  upon  its 
natural  productiveness;  (10)  the  ultimate  chemical  co  ^position  and  reaction. 

The  common  soil  constituents  are  indicated  in  the  following  outline : 


Soil 

constituents 


Organic 

matter 


Inorganic 

matter 


J Comprising  undecomposed  and  partially  decayed 
[ vegetable  or  organic  material 


Clay 001  mm.1  and  less 

Silt 001  mm.  to  .03  mm. 

J Sands 03  mm.  to  1.  mm. 

Gravel 1.  mm.  to  32  mm. 

Stones 32.  mm.  and  over 


Further  discussion  of  these  constituents  is  given  in  Circular  82. 


*25  millimeters  equal  1 inch. 
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Groups  of  Soil  Types 

The  following  gives  the  different  general  groups  of  soils: 

Peats — Consisting  of  35  percent  or  more  of  organic  matter,  sometimes  mixed 
with  more  or  less  sand  or  silt. 

Peaty  loams — 15  to  35  percent  of  organic  matter  mixed  with  much  sand. 
Some  silt  and  a little  clay  may  be  present. 

Mucks — 15  to  35  percent  of  partly  decomposed  organic  matter  mixed  with 
much  clay  and  silt. 

Clays — Soils  with  more  than  25  percent  of  clay,  usually  mixed  with  much 

silt. 

Clay  loams — Soils  with  from  15  to  25  percent  of  clay,  usually  mixed  with 
much  silt  and  some  sand. 

Silt  loams — Soils  with  more  than  50  percent  of  silt  and  less  than  15  percent 
of  clay,  mixed  with  some  sand. 

Loams — Soils  with  from  30  to  50  percent  of  sand  mixed  with  much  silt  and 
a little  clay. 

Sandy  loams — Soils  with  from  50  to  75  percent  of  sand. 

Pine  sandy  loams — Soils  with  from  50  to  75  percent  of  fine  sand  mixed  with 
much  silt  and  little  clay. 

Sands — Soils  with  more  than  75  percent  of  sand. 

Gravelly  loams — Soils  with  25  to  50  percent  of  gravel  with  much  sand  and 
some  silt. 

Gravels — Soils  with  more  than  50  percent  of  gravel  and  much  sand. 

Stony  loams — Soils  containing  a considerable  number  of  stones  over  one  inch 
in  diameter. 

Rock  outcrop — Usually  ledges  of  rock  having  no  direct  agricultural  value. 

More  or  less  organic  matter  is  found  in  all  the  above  groups. 

Supply  and  Liberation  of  Plant  Food 

The  productive  capacity  of  land  in  humid  sections  depends  almost  wholly 
upon  the  power  of  the  soil  to  feed  the  crop ; and  this,  in  turn,  depends  both 
upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at  which 
it  is  liberated,  or  rendered  soluble  and  available  for  use  in  plant  growth. 
Protection  from  weeds,  insects,  and  fungous  diseases,  tho  exceedingly  important, 
is  not  a positive  but  a negative  factor  in  crop  production. 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pre&- 
ent  in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is  gov- 
erned by  many  factors,  some  of  wdiich  may  be  controlled  by  the  farmer,  while 
others  are  largely  beyond  his  control.  Chief  among  the  important  controllable 
factors  which  influence  the  liberation  of  plant  food  are  limestone  and  decaying 
organic  matter,  which  may  be  added  to  the  soil  by  direct  application  of  ground 
limestone  and  farm  manure.  Organic  matter  may  be  supplied  also  by  green- 
manure  crops  and  crop  residues,  such  as  clover,  cowpeas,  straw,  and  corn  stalks. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age  and  origin, 
and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows  correctly  the 
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total  organic  carbon,  which  represents,  as  a rule,  but  little  more  than  half  the 
organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the  plowed  soil  of 
an  acre  correspond  to  nearly  20  tons  of  organic  matter.  But  this  organic  mat- 
ter consists  largely  of  the  old  organic  residues  that  have  accumulated  during  the 
past  centuries  because  they  were  resistant  to  decay,  and  2 tons  of  clover  or 
cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food  than  the 
20  tons  of  old,  inactive  organic  matter.  The  recent  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  addi- 
tions of  active  organic  matter,  whether  in  applications  of  farm  manure,  in 
legume  crops,  or  in  grass-root  sods  of  old  pastures. 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners  than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and 
at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same 
kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by 
the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  a3 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

As  the  organic  matter  decays,  certain  decomposition  products  are  formed, 
including  much  carbonic  acid,  some  nitric  acid,  and  various  organic  acids,  and 
these  have  power  to  act  upon  the  soil  and  dissolve  the  essential  mineral  plant 
foods,  thus  furnishing  soluble  phosphates,  nitrates,  and  other  salts  of  potassium, 
magnesium,  calcium,  etc.,  for  the  use  of  the  growing  crop. 

As  already  explained,  fresh  organic  matter  decomposes  much  more  rapidly 
tli  an  old  humus,  which  represents  the  organic  residues  most  resistant  to  decay 
and  which  consequently  has  accumulated  in  the  soil  during  the  past  centuries. 
The  decay  of  this  old  humus  can  be  hastened  both  by  tillage,  which  maintains 
a porous  condition  and  thus  permits  the  oxygen  of  the  air  to  enter  the  soil  more 
freely  and  to  effect  the  more  rapid  oxidation  of  the  organic  matter,  and  also  by 
incorporating  with  the  old.  resistant  residues  some  fresh  organic  matter,  such 
as  farm  manure,  clover  roots,  etc.,  which  decay  rapidly  and  thus  furnish  or  lib- 
erate organic  matter  and  inorganic  food  for  bacteria,  the  bacteria,  under  such 
favorable  conditions,  appearing  to  have  power  to  attack  and  decompose  the  old 
humus.  It  is  probably  for  this  reason  that  peat,  a very  inactive  and  inefficient 
fertilizer  when  used  by  itself,  becomes  much  more  effective  when  composted  with 
fresh  farm  manure ; so  that  two  tons  of  the  compost1  may  be  worth  as  much  as 
two  tons  of  manure,  but  if  applied  separately,  the  peat  has  little  value.  Bac- 
terial action  is  also  promoted  by  the  presence  of  limestone. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 

^n  his  book,  “ Fertilizers,  ’ ’ published  in  1839,  Cuthbert  "W.  Johnson  reported  such  com- 
post to  have  been  much  used  in  England  and  to  be  valued  as  highly,  “weight  for  weight,  as 
farm-yard  dung.” 
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matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ; and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon  as 
nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil;  while 
in  old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  of  nitrogen. 
Soils  of  cut-over  or  burnt-over  timber  lands  sometimes  contain  so  much  partially 
decayed  wood  or  charcoal  as  to  destroy  the  value  of  the  nitrogen-carbon  ratio 
for  the  purpose  indicated.  (Except  in  newly  made  alluvial  soils,  the  ratio  is 
usually  narrower  in  the  subsurface  and  subsoil  than  in  the  surface  stratum.) 

It  should  be  kept  in  mind  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is 
absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  agricultural  plants,  only  one  (hydrogen)  from  water,  and 
seven  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes),  in  case  the  amount  liberated  from  the  soil  is  insufficient;  but  even 
these  plants  (which  include  only  the  clovers,  peas,  beans,  and  vetches,  among 
our  common  agricultural  plants)  secure  from  the  soil  alone  six  elements  (phos- 
phorus, potassium,  magnesium,  calcium,  iron,  and  sulfur),  and  also  utilize  the 
soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period  of 
growth. 

Plants  are  made  of  plant-food  elements  in  just  the  same  sense  that  a build- 
ing is  made  of  wood  and  iron,  brick,  stone,  and  mortar.  Without  materials, 
nothing  material  can  be  made.  The  normal  temperature,  sunshine,  rainfall,  and 
length  of  season  in  central  Illinois  are  sufficient  to  produce  50  bushels  of  wheat 
per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4 tons  of  clover  hay ; and, 
where  the  land  is  properly  drained  and  properly  tilled,  such  crops  would  fre- 
quently be  secured  if  the  plant  foods  were  present  in  sufficient  amounts  and 
liberated  at  a sufficiently  rapid  rate  to  meet  the  absolute  needs  of  the  crops. 

Crop  Requirements 

The  accompanying  table  shows  the  requirements  of  wheat,  corn,  oats,  and 
clover  for  the  five  most  important  plant-food  elements  which  the  soil  must  fur- 
nish. (Iron  and  sulfur  are  supplied  normally  in  sufficient  abundance  compared 
with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit  the 
yield  of  general  farm  crops  grown  under  normal  conditions.) 

To  be  sure,  these  are  large  yields,  but  shall  we  try  to  make  possible  the 
production  of  yields  only  half  or  a quarter  as  large  as  these,  or  shall  we  set  as 
our  ideal  this  higher  mark,  and  then  approach  it  as  nearly  as  possible  with 
profit?  Among  the  four  crops,  corn  is  the  largest,  with  a total  yield  of  more 
than  six  tons  per  acre ; and  yet  the  100-bushel  crop  of  corn  is  often  produced 
on  rich  pieces  of  land  in  good  seasons.  In  very  practical  and  profitable  systems 
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Table  A. — Plant  Food  in  Wheat,  Corn,  Oats,  and  Clover 


Produce 

Nitro- 

Phos- 

Potas- 

Magne- 

Cal- 

Kind 

Amount 

gen 

1 phorus 

sium 

sium 

cium 

lbs. 

lbs. 

lbs. 

lbs. 

lbs , 

Wheat,  grain 

50  bu. 

71 

12 

13 

4 

1 

Wheat  straw 

2^4  tons 

25 

4 

45 

4 

10 

Corn,  grain 

100  bu. 

100 

17 

19 

7 

l 

Corn  stover 

3 tons 

48 

6 

52 

10 

21 

Corn  cobs 

Vo  ton 

2 

2 

Oats,  grain 

100  bu. 

66 

11 

16 

4 

2 

Oat  straw 

2*4  Ions 

31 

5 

52 

7 

15 

Clover  seed 

4 bu. 

7 

2 

3 

1 

1 

Clover  hay 

4 tons 

160 

20 

120 

31 

117 

Total  in  grain  and  seed 

2441 

42 

51 

16 

4 

Total  in  four  crops.  .. 

510* 

7 7 

322 

68 

168 

JThese  amounts  include  the  nitrogen  contained  in  the  clover  seed  or  hay,  which,  how- 
ever, may  be  secured  from  the  air. 


of  farming,  the  Illinois  Experiment  Station  has  produced,  as  an  average  of  the 
six  years  1905  to  1910,  a yield  of  87  bushels  of  corn  per  acre  in  grain  farming 
(with  limestone  and  phosphorus  applied,  and  with  crop  residues  and  legume 
crops  turned  under),  and  90  bushels  per  acre  in  live-stock  farming  (with  lime- 
stone, phosphorus,  and  manure). 

The  importance  of  maintaining  a rich  surface  soil  cannot  be  too  strongly 
emphasized.  This  is  well  illustrated  by  data  from  the  Rothamsted  Experiment 
Station,  the  oldest  in  the  world.  On  Broadbalk  field,  where  wheat  has  been 
grown  since  1844,  the  average  yields  for  the  ten  years  1892  to  1901  were  12.3 
bushels  per  acre  on  Plot  3 (unfertilized)  and  31.8  bushels  on  Plot  7 (well  ferti- 
lized), but  the  amounts  of  both  nitrogen  and  phosphorus  in  the  subsoil  (9  to  27 
inches)  were  distinctly  greater  in  Plot  3 than  in  Plot  7,  thus  showing  that  the 
higher  yields  from  Plot  7 were  due  to  the  fact  that  the  plowed  soil  had  been 
enriched.  In  1893  Plot  7 contained  per  acre  in  the  surface  soil  (0  to  9 inches) 
about  600  pounds  more  nitrogen  and  900  pounds  more  phosphorus  than  Plot  3. 
Even  a rich  subsoil  has  little  value  if  it  lies  beneath  a worn-out  surface. 

Methods  of  Liberating  Plant  Food 

Limestone  and  decaying  organic  matter  are  the  principal  materials  which 
the  farmer  can  utilize  most  profitably  to  bring  about  the  liberation  of  plant 
food.  The  limestone  corrects  the  acidity  of  the  soil  and  thus  encourages  the 
development  not  only  of  the  nitrogen-gathering  bacteria  which  live  in  the  nodules 
on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also  the  nitrifying 
bacteria,  which  have  power  to  transform  the  insoluble  and  unavailable  organic 
nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the  same  time,  the 
products  of  this  decomposition  have  power  to  dissolve  the  minerals  contained 
in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve  the  insoluble 
phosphate  and  limestone  which  may  be  applied  in  low-priced  forms. 

Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant  food  by  permit- 
ting the  air  to  enter  the  soil  and  burn  out  the  organic  matter;  but  it  should 
never  be  forgotten  that  tillage  is  wholly  destructive,  that  it  adds  nothing  what- 
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over  to  the  soil,  but  always  leaves  it  poorer.  Tillage  should  be  practiced  so 
far  as  is  necessary  to  prepare  a suitable  seed  bed  for  root  development  and 
also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unnecessary  and 
unprofitable  in  seasons  of  normal  rainfall ; and  it  is  much  better  actually  to 
enrich  the  soil  by  proper  applications  or  additions,  including  limestone  and 
organic  matter  (both  of  which  have  power  to  improve  the  physical  condition 
as  well  as  to  liberate  plant  food)  than  merely  to  hasten  soil  depletion  by  means 
of  excessive  cultivation. 


Permanent  Soil  Improvement 

The  best  and  most  profitable  methods  for  the  permanent  improvement  of 
the  common  soils  of  Illinois  are  as  follows: 

(1)  If  the  soil  is  acid,  apply  at  least  two  tons  per  acre  of  ground  lime- 
stone, preferably  at  times  magnesian  limestone  (CaC03MgC03),  which  con- 
tains both  calcium  and  magnesium  and  has  slightly  greater  power  to  correct 
soil  acidity,  ton  for  ton,  than  the  ordinary  calcium  limestone  (CaC03) ; and 
continue  to  apply  about  two  tons  per  acre  of  ground  limestone  every  four  or 
five  years.  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa,  five 
tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

(2)  Adopt  a good  rotation  of  crops,  including  a liberal  use  of  legumes,  and 
increase  the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops 
and  other  crop  residues  (straw  and  corn  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  what  will  prove  to  be  the 
best  rotation  of  crops,  because  of  variation  in  farms  and  farmers,  and  in  prices 
for  produce,  but  the  following  are  suggested  to  serve  as  models  or  outlines: 

First  year,  corn. 

Second  year,  corn. 

Third  year,  wheat  or  oats  (with  clover  or  clover  and  grass). 

Fourth  year,  clover  or  clover  and  grass. 

Fifth  year,  wheat  and  clover  or  grass  and  clover. 

Sixth  year,  clover  or  clover  and  grass. 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
coarse  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  (only  the  clover  seed  being  sold  the  fourth  and  sixth  years)  ; 
or,  in  live-stock  farming,  the  field  may  be  used  three  years  for  timothy  and 
clover  pasture  and  meadow  if  desired.  The  system  may  be  reduced  to  a five- 
year  rotation  by  cutting  out  either  the  second  or  the  sixth  year,  and  to  a four- 
year  system  by  omitting  the  fifth  and  sixth  years. 

With  two  years  of  corn,  followed  by  oats  with  clover-seeding  the  third  year, 
and  by  clover  the  fourth  year,  all  produce  can  be  used  for  feed  and  bedding  if 
other  land  is  available  for  permanent  pasture.  Alfalfa  may  be  grown  on  a fifth 
field  for  four  or  eight  years,  which  is  to  be  alternated  with  one  of  the  four;  or 
the  alfalfa  may  be  moved  every  five  years,  and  thus  rotated  over  all  five  fields 
every  twenty-five  years. 

Other  four-year  rotations  more  suitable  for  grain  farming  are : 

Wheat  (and  clover),  corn,  oats,  and  clover;  or  corn  (and  clover),  eowpeas,  wheat,  and 
clover.  (Alfalfa  may  be  grown  on  a fifth  field  and  rotated  every  five  years,  the 
hay  being  sold.) 
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Good  three-year  rotations  are: 

Corn,  oats,  and  clover;  corn,  wheat,  and  clover;  or  wheat  (and  clover),  corn  (and 
clover),  and  cowpeas,  in  which  two  cover  crops  and  one  regular  crop  of  legumes 
are  grown  in  three  years. 

A five-year  rotation  of  (1)  corn  (and  clover),  (2)  cowpeas,  (3)  wheat, 
(4)  clover,  and  (5)  wheat  (and  clover)  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a sixth  field  for  five  or  six  years  in  the  combination, 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

To  avoid  clover  sickness  it  may  sometimes  be  necessary  to  substitute  sweet 
clover  or  alsike  for  red  clover  in  about  every  third  rotation,  and  at  the  same 
time  to  discontinue  its  use  in  the  cover-crop  mixture.  If  the  corn  crop  is  not 
too  rank,  cowpeas  or  soybeans  may  also  be  used  as  a cover  crop  (seeded  at  the 
last  cultivation)  in  the  southern  part  of  the  state,  and,  if  necessary  to  avoid 
disease,  these  may  well  alternate  in  successive  rotations. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named : 

1 bushel  of  oats  (grain  and  straw)  requires  1 pound  of  nitrogen. 

1 bushel  of  corn  (grain  and  stalks)  requires  iy2  pounds  of  nitrogen. 

1 bushel  of  wheat  (grain  and  straw)  requires  2 pounds  of  nitrogen. 

1 ton  of  timothy  requires  24  pounds  of  nitrogen. 

1 ton  of  clover  contains  40  pounds  of  nitrogen. 

1 ton  of  cowpeas  contains  43  pounds  of  nitrogen. 

1 ton  of  average  manure  contains  10  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops. 

Soils  of  moderate  productive  power  will  furnish  as  much  nitrogen  to  clover 
(and  two  or  three  times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and 
stubble.  In  grain  crops,  such  as  wheat,  corn,  and  oats,  about  two-thirds  of  the 
nitrogen  is  contained  in  the  grain  and  one-third  in  the  straw  or  stalks.  (See 
also  discussion  of  ‘‘The  Potassium  Problem,”  on  pages  following.) 

(3)  On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to 
serious  erosion  by  surface  washing  or  gullying)  apply  that  element  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops 
desired  to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per 
acre,  which  may  require  a total  application  of  from  three  to  five  or  six  tons  per 
acre  of  raw  phosphate  containing  12^  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  phosphorus  delivered  in  Illinois  costs 
about  3 cents  a pound  in  raw  phosphate  (direct  from  the  mine  in  carload  lots), 
but  10  cents  a pound  in  steamed  bone  meal,  and  about  12  cents  a pound  in  acid 
phosphate,  both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase 
by  farmers  in  carload  lots,  which  is  not  the  case  with  limestone  or  raw  phos- 
phate- 
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Phosphorus  once  applied  to  the  soil  remains  in  it  until  removed  in  crops, 
unless  carried  away  mechanically  by  soil  erosion.  (The  loss  by  leaching  is  only 
about  li/2  pounds  per  acre  per  annum,  so  that  more  than  150  years  would  be 
required  to  leach  away  the  phosphorus  applied  in  one  ton  of  raw  phosphate.) 

The  phosphate  and  limestone  may  be  applied  at  any  time  during  the  rota- 
tion, but  a good  method  is  to  apply  the  limestone  after  plowing  and  work  it  into 
the  surface  soil  in  preparing  the  seed  bed  for  wheat,  oats,  rye,  or  barley,  where 
clover  is  to  be  seeded ; while  phosphate  is  best  plowed  under  with  farm  manure, 
clover,  or  other  green  manures,  which  serve  to  liberate  the  phosphorus. 

(4)  Until  the  supply  of  decaying  organic  matter  has  been  made  adequate, 
on  the  poorer  types  of  upland  timber  and  gray  prairie  soils  some  temporary 
benefit  may  be  derived  from  the  use  of  a soluble  salt  or  a mixture  of  salts,  such 
as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble  form  and 
also  some  common  salt  (sodium  chlorid).  About  600  pounds  per  acre  of  kainit 
applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve  the  phos- 
phorus as  well  as  to  furnish  available  potassium  and  magnesium,  and  for  a few 
years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic  matter, 
but  the  evidence  thus  far  secured  indicates  that  its  use  is  not  absolutely  necessary 
and  that  it  will  not  be  profitable  after  adequate  provision  is  made  for  supplying 
decaying  organic  matter,  since  this  will  necessitate  returning  to  the  soil  the 
potassium  contained  in  the  crop  residues  from  grain  farming  or  the  manure 
produced  in  live-stock  farming,  and  will  also  provide  for  the  liberating  of  potas- 
sium from  the  soil.  (Where  hay  or  straw  is  sold,  manure  should  be  bought.) 

On  soils  which  are  subject  to  surface  washing,  including  especially  the 
yellow  silt  loam  of  the  upland  timber  area,  and  to  some  extent  the  yellow-gray 
silt  loam  and  other  more  rolling  areas,  the  supply  of  minerals  in  the  subsurface 
and  subsoil  (which  gradually  renew  the  surface  soil)  tends  to  provide  for  a 
low-grade  system  of  permanent  agriculture  if  some  use  is  made  of  legume  plants, 
as  in  long  rotations  with  much  pasture,  because  both  the  minerals  and  nitrogen 
are  thus  provided  in  some  amount  almost  permanently;  but  where  such  lands 
are  farmed  under  such  a system,  not  more  than  two  or  three  grain  crops  should 
be  grown  during  a period  of  ten  or  twelve  years,  the  land  being  kept  in  pasture 
most  of  the  time ; and  where  the  soil  is  acid  a liberal  use  of  limestone,  as  top- 
dressings  if  necessary,  and  occasional  reseeding  with  clovers  will  benefit  both  the 
pasture  and  indirectly  the  grain  crops. 

Advantage  of  Crop  Rotation  and  Permanent  Systems 

It  should  be  noted  that  clover  is  not  likely  to  be  well  infected  with  the 
clover  bacteria  during  the  first  rotation  on  a given  farm  or  field  where  it  has 
not  been  grown  before  within  recent  years;  but  even  a partial  stand  of  clover 
the  first  time  will  probably  provide  a thousand  times  as  many  bacteria  for  the 
next  clover  crop  as  one  could  afford  to  apply  in  artificial  inoculation,  for  a single 
root-tubercle  may  contain  a million  bacteria  developed  from  one  during  the  sea- 
son’s growth. 

This  is  only  one  of  several  advantages  of  the  second  course  of  the  rotation 
over  the  first  course.  Thus  the  mere  practice  of  crop  rotation  is  an  advantage, 
especially  in  helping  to  rid  the  land  of  insects  and  foul  grass  and  weeds.  The 
clover  crop  is  an  advantage  to  subsequent  crops  because  of  its  deep-rooting  char- 
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aeteristic.  The  larger  applications  of  organic  manures  (made  possible  by  the 
larger  crops)  are  a great  advantage;  and  in  systems  of  permanent  soil  improve- 
ment, such  as  are  here  advised  and  illustrated,  more  limestone  and  more  phos- 
phorus are  provided  than  are  needed  for  the  meager  or  moderate  crops  pro- 
duced during  the  first  rotation,  and  consequently  the  crops  in  the  second  rota- 
tion have  the  advantage  of  such  accumulated  residues  (well  incorporated  with 
the  plowed  soil)  in  addition  to  the  regular  applications  made  during  the  second 
rotation. 

This  means  that  these  systems  tend  positively  toward  the  making  of  richer 
lands.  The  ultimate  analyses  recorded  in  the  tables  give  the  absolute  invoice 
of  these  Illinois  soils.  They  show  that  most  of  them  are  positively  deficient  only 
in  limestone,  phosphorus,  and  nitrogenous  organic  matter ; and  the  accumulated 
information  from  careful  and  long-continued  investigations  in  different  parts  of 
the  United  States  clearly  establishes  the  fact  that  in  general  farming  these  essen- 
tials can  be  supplied  with  greatest  economy  and  profit  by  the  use  of  ground  nat- 
ural limestone,  very  finely  ground  natural  rock  phosphate,  and  legume  crops  to 
be  plowed  under  directly  or  in  farm  manure.  On  normal  soils  no  other  applica- 
tions are  absolutely  necessary,  but,  as  already  explained,  the  addition  of  some 
soluble  salt  in  the  beginning  of  a system  of  improvement  on  some  of  these  soils 
produces  temporary  benefit,  and  if  some  inexpensive  salt,  such  as  kainit,  is  used, 
it  may  produce  sufficient  increase  to  more  than  pay  the  added  cost. 

The  Potassium  Problem 

As  reported  in  Illinois  Bulletin  123,  where  wheat  has  been  grown  every  year 
for  more  than  half  a century  at  Rothamsted,  England,  exactly  the  same  increase 
was  produced  (5.6  bushels  per  acre),  as  an  average  of  the  first  24  years,  whether 
potassium,  magnesium,  or  sodium  was  applied,  the  rate  of  application  per  annum 
being  200  pounds  of  potassium  sulfate  and  molecular  equivalents  of  magnesium 
sulfate  and  sodium  sulfate.  As  an  average  of  60  years  (1852  to  1911),  the  yield 
of  wheat  was  i2.7  bushels  on  untreated  land  and  23.3  bushels  where  86  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  per  acre  per  annum  were  applied. 
As  further  additions,  85  pounds  of  potassium  raised  the  yield  to  31.3  bushels; 
52  pounds  of  magnesium  raised  it  to  29.2  bushels;  and  50  pounds  of  sodium  raised 
it  to  29.5  bushels.  Where  potassium  was  applied,  the  wheat  crop  removed  an- 
nually an  average  of  40  pounds  of  that  element  in  the  grain  and  straw,  or  three 
times  as  much  as  would  be  removed  in  the  grain  only  for  such  crops  as  are 
suggested  in  Table  A.  The  Rothamsted  soil  contained  an  abundance  of  lime- 
stone, but  no  organic  matter  was  provided  except  the  little  in  the  stubble  and 
roots  of  the  wheat  plants. 

On  another  field  at  Rothamsted  the  average  yield  of  barley  for  60  years 
(1852  to  1911)  was  14.2  bushels  on  untreated  land,  38.1  bushels  where  43  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  were  applied  per  acre  per  annum; 
while  the  further  addition  of  85  pounds  of  potassium,  19  pounds  of  magnesium, 
and  14  pounds  of  sodium  (all  in  sulfates)  raised  the  average  yield  to  41.5 
bushels.  Where  only  70  pounds  of  sodium  were  applied  in  addition  to  the 
nitrogen  and  phosphorus,  the  average  was  43.0  bushels.  Thus,  as  an  average 
of  60  years,  the  use  of  sodium  produced  1.8  bushels  less  wheat  and  1.5  bushels 
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more  barley  than  the  use  of  potassium,  with  both  grain  and  straw  removed  and 
no  organic  manures  returned. 

In  recent  years  the  effect  of  potassium  is  becoming  much  more  marked  than 
that  of  sodium  or  magnesium,  on  the  wheat  crop ; but  this  must  be  expected  to 
occur  in  time  where  no  potassium  is  returned  in  straw  or  manure,  and  no  pro- 
vision made  for  liberating  potassium  from  the  supply  still  remaining  in  the  soil. 
If  the  wheat  straw,  which  contains  more  than  three-fourths  of  the  potassium 
removed  in  the  wheat  crop  (see  Table  A),  were  returned  to  the  soil,  the  neces- 
sity of  purchasing  potassium  in  a good  system  of  farming  on  such  land  would 
be  at  least  very  remote,  for  the  supply  would  be  adequately  maintained  by 
the  actual  amount  returned  in  the  straw,  together  with  the  additional  amount 
which  would  be  liberated  from  the  soil  by  the  action  of  decomposition  products. 

While  about  half  the  potassium,  nitrogen,  and  organic  matter,  and  about 
one-fourth  the  phosphorus  contained  in  manure  is  lost  by  three  or  four  months’ 
exposure  in  the  ordinary  pile  in  the  barn  yard,  there  is  practically  no  loss 
if  plenty  of  absorbent  bedding  is  used  on  cement  floors,  and  if  the  manure  is 
hauled  to  the  field  and  spread  within  a day  or  two  after  it  is  produced.  Again, 
while  in  average  live-stock  farming  the  animals  destroy  two-thirds  of  the  or- 
ganic matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from  the 
food  they  consume,  they  retain  less  than  one-tenth  of  the  potassium ; so  that  the 
actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either  in  grain 
farming  or  in  live-stock  farming,  is  wholly  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  removal  of  one  inch  of  soil  per  century  by  surface  washing  (which  is 
likely  to  occur  wherever  there  is  satisfactory  surface  drainage  and  frequent  cul- 
tivation) will  permanently  maintain  the  potassium  in  grain  farming  by  re- 
newal from  the  subsoil,  provided  one-third  of  the  potassium  is  removed  by  crop- 
ping before  the  soil  is  carried  awTay. 

From  all  these  facts  it  will  be  seen  that  the  potassium  problem  is  not  one 
of  addition  but  of  liberation;  and  the  Rothamsted  records  show  that  for  many 
years  other  soluble  salts  have  practically  the  same  power  as  potassium  to  increase 
crop  yields  in  the  absence  of  sufficient  decaying  organic  matter.  Whether  this 
action  relates  to  supplying  or  liberating  potassium  for  its  own  sake,  or  to  the 
power  of  the  soluble  salt  to  increase  the  availability  of  phosphorus  or  other  ele- 
ments, is  not  known,  but  where  much  potassium  is  removed,  as  in  the  entire  crops 
at  Rothamsted,  with  no  return  of  organic  residues,  probably  the  soluble  salt 
functions  in  both  ways. 

As  an  average  of  112  separate  tests  conducted  in  1907,  1908,  1909,  and  1910 
on  the  Fairfield  experiment  field,  an  application  of  200  pounds  of  potassium 
sulfate,  containing  85  pounds  of  potassium  and  costing  $5.10,  increased  the  yield 
of  corn  by  9.3  bushels  per  acre ; while  600  pounds  of  kainit,  containing  only  60 
pounds  of  potassium  and  costing  $4,  gave  an  increase  of  10.7  bushels.  Thus,  at 
40  cents  a bushel  for  corn,  the  kainit  paid  for  itself ; but  these  results,  like  those 
at  Rothamsted,  were  secured  where  no  adequate  provision  had  been  made  for 
decaying  organic  matter. 

Additional  experiments  at  Fairfield  included  an  equally  complete  test  with 
potassium  sulfate  and  kainit  on  land  to  which  8 tons  per  acre  of  farm  manure 
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were  applied.  As  an  average  of  112  tests  with  each  material,  the  200  pounds 
of  potassium  sulfate  increased  the  yield  of  corn  by  1.7  bushels,  while  the  600 
pounds  of  kainit  also  gave  an  increase  of  1.7  bushels.  Thus,  where  organic 
manure  was  supplied,  very  little  effect  was  produced  by  the  addition  of  either* 
potassium  sulfate  or  kainit ; in  part  perhaps  because  the  potassium  removed  in 
the  crops  is  mostly  returned  in  the  manure  if  properly  cared  for,  and  perhaps 
in  larger  part  because  the  decaying  organic  matter  helps  to  liberate  and  hold 
in  solution  other  plant-food  elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  by  chemical  analysis  that  potassium  salts  and  most  other  soluble  salts 
increase  the  solubility  of  the  phosphorus  in  soil  and  in  rock  phosphate;  also 
that  the  addition  of  glucose  with  rock  phosphate  in  pot-culture  experiments 
increases  the  availability  of  the  phosphorus,  as  measured  by  plant  growth,  altho 
the  glucose  consists  only  of  carbon,  hydrogen,  and  oxygen,  and  thus  contains 
no  plant  food  of  value. 

If  we  remember  that,  as  an  average,  live  stock  destroy  two-thirds  of  the  or- 
ganic matter  of  the  food  they  consume,  it  it  easy  to  determine  from  Table  A that 
more  organic  matter  will  be  supplied  in  a proper  grain  system  than  in  a strictly 
live-stock  system ; and  the  evidence  thus  far  secured  from  older  experiments  at 
the  University  and  at  other  places  in  the  state  indicates  that  if  the  corn  stalks, 
straw,  clover,  etc.,  are  incorporated  with  the  soil  as  soon  as  practicable  after  they 
are  produced  (which  can  usually  be  done  in  the  late  fall  or  early  spring),  there 
is  little  or  no  difficulty  in  securing  sufficient  decomposition  in  our  humid  climate 
to  avoid  serious  interference  with  the  capillary  movement  of  the  soil  moisture, 
a common  danger  from  plowing  under  too  much  coarse  manure  of  any  kind  in 
the  late  spring  of  a dry  year. 

If,  however,  the  entire  produce  of  the  land  is  sold  from  the  farm,  as  in  hay 
farming  or  when  both  grain  and  straw  are  sold,  of  course  the  draft  on  potas- 
sium will  then  be  so  great  that  in  time  it  must  be  renewed  by  some  sort  of  appli- 
cation. As  a rule,  farmers  following  this  practice  ought  to  secure  manure  from 
town,  since  they  furnish  the  bulk  of  the  material  out  of  which  manure  is  pro- 
duced. 

Calcium  and  Magnesium 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching.  As  an  average  of  90 
analyses1  of  Illinois  well-waters  drawn  chiefly  from  glacial  sands,  gravels,  or  till, 
3 million  pounds  of  water  (about  the  average  annual  drainage  per  acre  for 
Illinois)  contained  11  pounds  of  potassium,  130  of  magnesium,  and  330  of  cal- 
cium. These  figures  are  very  significant,  and  it  may  be  stated  that  if  the  plowed 
soil  is  well  supplied  with  the  carbonates  of  magnesium  and  calcium,  then  a very 
considerable  proportion  of  these  amounts  will  be  leached  from  that  stratum. 
Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at  Rothamsted,  England, 
where  the  soil  contains  plenty  of  limestone,  has  averaged  more  than  300  pounds 
a year  as  determined  by  analyzing  the  soil  in  1865  and  again  in  1905.  Prac- 
tically the  same  amount  of  calcium  was  found,  by  analyses,  in  the  Rothamsted 
drainage  waters. 

Reported  by  Doctor  Bartow  and  associates,  of  the  Illinois  State  Water  Survey. 
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Common  limestone,  which  is  calcium  carbonate  (CaC03),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  are  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  were 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years 
amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investigations 
seem  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed  at 
least  2 tons  per  acre  should  be  applied  every  4 or  5 years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  four  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an 
acre.  (See  Soil  Report  No.  1.)  Thus  limestone  has  a positive  value  on  some 
soils  for  the  plant  food  which  it  supplies,  in  addition  to  its  value  in  correcting 
soil  acidity  and  in  improving  the  physical  condition  of  the  soil.  Ordinary  lime- 
stone (abundant  in  the  southern  and  western  parts  of  the  state)  contains  nearly 
800  pounds  of  calcium  per  ton;  while  a good  grade  of  dolomitic  limestone  (the 
more  common  limestone  of  northern  Illinois)  contains  about  400  pounds  of  cal- 
cium and  300  pounds  of  magnesium  per  ton.  Both  of  these  elements  are  fur- 
nished in  readily  available  form  in  ground  dolomitic  limestone. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Not  only  does  it  impart  good  tilth  to  the  soil,  but  it  prevents 
much  loss  by  washing  on  rolling  land,  warms  the  soil  by  absorption  of  heat,  re- 
tains moisture  during  drouth  and  prevents  the  soil  from  running  together  badly ; 
and,  as  it  decays,  it  furnishes  nitrogen  for  the  crop  and  aids  in  the  liberation  of 
mineral  plant  food.  This  constituent  must  be  supplied  to  the  soil  in  every  prac- 
tical way,  so  that  the  amount  may  be  maintained  or  even  increased.  It  is  being 
broken  down  during  a large  part  of  the  year,  and  the  nitrates  produced  are  used 
for  plant  growth.  This  decomposition  is  necessary,  but  it  is  also  quite  necessary 
that  the  supply  be  maintained. 

The  physical  effect  of  organic  matter  in  the  soil  is  to  produce  a granulation, 
or  mellowness,  very  favorable  for  tillage  and  the  development  of  plant  roots.  If 
continuous  cropping  takes  place,  accompanied  with  the  removal  or  the  destruc- 
tion of  the  corn  stalks  and  straw,  the  amount  of  organic  matter  is  gradually 
diminished  and  a condition  of  poor  tilth  will  ultimately  follow.  In  many  cases 
this  already  limits  the  crop  yields.  The  remedy  is  to  increase  the  organic-matter 
content  by  plowing  under  manure  or  crop  residues,  such  as  corn  stalks,  straw, 
and  clover.  Selling  these  products  from  the  farm,  burning  them,  or  feeding 
them  and  not  returning  the  manure,  or  allowing  a very  large  part  of  the  manure 
to  be  lost  before  it  is  returned  to  the  land,  all  represent  bad  practice. 

One  of  the  chief  sources  of  loss  of  organic  matter  in  the  corn  belt  is  the 
practice  of  burning  the  corn  stalks.  Could  the  farmers  be  made  to  realize  how 
great  a loss  this  entails,  they  would  certainly  discontinue  the  practice.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
corn  stalks.  It  is  true  that  they  decay  rather  slowly,  but  it  is  also  true  that  their 
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durability  in  the  soil  after  partial  decomposition  is  exactly  what  is  needed  in 
the  maintenance  of  an  adequate  supply  of  humus. 

The  nitrogen  in  a ton  of  corn  stalks  is  iy2  times  that  in  a ton  of  manure,  and 
a ton  of  dry  corn  stalks  incorporated  with  the  soil  will  ultimately  furnish  as 
much  humus  as  4 tons  of  average  farm  manure;  but  when  burned,  both  the 
humus-making  material  and  the  nitrogen  which  these  stalks  contain  are  de- 
stroyed and  lost  to  the  soil. 

The  objection  is  often  raised  that  wThen  stalks  are  plowed  under  they  inter- 
fere very  seriously  in  the  cultivation  of  corn,  and  thus  indirectly  destroy  a great 
deal  of  corn.  If  corn  stalks  are  well  cut  up  and  then  turned  under  to  a depth 
of  51/2  to  6 inches  when  the  ground  is  plowed  in  the  spring,  very  little  trouble 
will  result. 

Where  corn  follows  corn,  the  stalks,  if  not  needed  for  feeding  purposes, 
should  be  thoroly  cut  up  with  a sharp  disk  or  stalk  cutter  and  turned  under. 
Likewise,  the  straw  should  be  returned  to  the  land  in  some  practical  way,  either 
directly  or  as  manure.  Clover  should  be  one  of  the  crops  grown  in  the  rotation, 
and  it  should  be  plowed  under  directly  or  as  manure  instead  of  being  sold  as  hay, 
except  when  manure  can  be  brought  back. 

It  must  be  remembered,  however,  that  in  the  feeding  of  hay,  or  straw,  or 
corn  stalks,  a great  destruction  of  organic  matter  takes  place,  so  that  even  if  the 
fresh  manure  were  returned  to  the  soil,  there  would  still  be  a loss  of  50  to  70 
percent  owing  to  the  destruction  of  organic  matter  by  the  animal.  If  manure  is 
allowed  to  lie  in  the  farmyard  for  a few  weeks  or  months,  there  is  an  additional 
loss  which  amounts  to  from  one-third  to  two-thirds  of  the  manure  recovered 
from  the  animal.  This  is  well  shown  by  the  results  of  an  experiment  conducted 
by  the  Maryland  Experiment  Station,  where  80  tons  of  manure  were  allowed  to 
lie  for  a year  in  the  farmyard  and  at  the  end  of  that  time  but  27  tons  remained, 
entailing  a loss  of  about  66  percent  of  the  manure.  Most  of  this  loss  occurs 
within  the  first  three  or  four  months,  when  fermentation,  or  ‘ 1 heating,  ’ ’ is  most 
active.  Two  tons  of  manure  were  exposed  from  April  29  to  August  29,  by  the 
Canadian  Experiment  Station  at  Ottawa.  * During  these  four  months  the  organic 
matter  was  reduced  from  1,938  pounds  to  655  pounds.  To  obtain  the  greatest 
value  from  the  manure,  it  should  be  applied  to  the  soil  as  soon  as  possible  after 
it  is  produced. 

It  is  a common  practice  in  the  corn  belt  to  pasture  the  corn  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  of  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing, 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  to  be  planted.  Whether  the  crop  is  corn  or  oats,  it  neces- 
sarily suffers,  and  if  the  season  is  dry,  much  damage  may  result.  If  the  field  is 
put  in  corn,  a poor  stand  is  likely  to  follow,  and  if  put  in  oats,  a compact  soil  is 
formed  which  is  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked 
when  too  wet.  This  also  produces  a partial  puddling  which  is  unfavorable  to 
physical,  chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if 
cropping  has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain 
good  tilth. 
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Thirteen  Years  ’ Results  with  Phosphorus  on  the  University  or  Illinois  Soil  Experi- 
ment Field  at  Bloomington,  on  the  Typical  Prairie  Land  of  the 
Illinois  Corn  Belt 


Year 

Crop  grown 

Yield 

without 

phosphorus 

Yield 

with 

phosphorus 

Increase 

for 

phosphorus 

Value  of 
increase 
per  acre 

1902 

Corn,  bu 

37.0 

41.7 

4.7 

$ 1.64 

1903 

Corn,  bu 

60.3 

73.0 

12.7 

4.44 

1904 

Oats,  bu 

60.8 

72.7 

11.9 

3.33 

1905 

Wheat,  bu 

28.8 

39.2 

10.4 

7.28 

1906 

Clover,  tons 

.58 

1.65 

1.07 

7.49 

1907 

Corn,  bu 

63.1 

82.1 

19.0 

6.65 

1908 

Corn,  bu 

35.3 

47.5 

12.2 

4.27 

1909 

Oats,  bu 

53.6 

63.8 

10.2 

2.86 

1910 

Clover,  tons  

1.09 

4.21 

3.12 

21.85 

1911 

Wheat,  bu 

22.5 

57.6 

35.1 

24.58 

1912 

Corn,  bu 

47.9 

74.5 

26.6 

9.30 

1913 

Corn,  bu 

30.0 

44.1 

14.1 

4.93 

1914 

m 

Oats,  bu 

40.6 

45.0 

4.4 

1.23 

Total  value  of  increase  in  thirteen  rears $99.85 

Total  cost  of  phosphorus  in  thirteen  years . 32.50 


Total  value  of  increase  in  thirteen  years $99.85 

Total  cost  of  phosphorus  in  thirteen  years . 32.50 

Net  profit  in  thirteen  years $67.35 


After  the  first  year  the  phosphorus  began  to  more  than  pay  its  annual  cost ; 
and  during  the  second  five-year  period  the  increase  produced  by  the  phosphorus 
was  worth  almost  as  much  as  the  total  crops  produced  on  the  land  not  receiving 
phosphorus.  In  later  years  the  need  of  organic  manures  with  phosphorus  has 

become  apparent.  (See  pages  18  to  22  for  more  complete  details.) 
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INTRODUCTORY  NOTE 

About  two-thirds  of  Illinois  lies  in  the  corn  belt,  where  most  of  the  prairie 
lands  are  black  or  dark  brown  in  color.  In  the  southern  third  of  the  state,  the 
prairie  soils  are  largely  of  a gray  color.  This  region  is  better  known  as  the 
wheat  belt,  altho  wheat  is  often  grown  in  the  corn  belt  and  com  is  also  a com-} 
mon  crop  in  the  wheat  belt. 

Moultrie  county,  representing  the  com  belt;  Clay  county,  which  is  fairly 
representative  of  the  wheat  belt;  and  Hardin  county,  which  is  taken  to  repre- 
sent the  unglaciated  area  of  the  extreme  southern  part  of  the  state,  were  se- 
lected for  the  first  Illinois  Soil  Reports  by  counties.  While  these  three  county 
soil  reports  were  sent  to  the  Station’s  entire  mailing  list  within  the  state,  sub- 
sequent reports  are  sent  only  to  those  on  the  mailing  list  who  are  residents  of  the 
county  concerned,  and  to  anyone  else  upon  request. 

Each  county  report  is  intended  to  be  as  nearly  complete  in  itself  as  it 
is  practicable  to  make  it,  and,  even  at  the  expense  of  some  repetition,  each 
will  contain  a general  discussion  of  important  fundamental  principles,  in  order 
to  help  the  farmer  and  landowner  understand  the  meaning  of  the  soil  fer- 
tility invoice  for  the  lands  in  which  he  is  interested.  In  Soil  Report  No.  1, 

* ‘ Clay  County  Soils,”  this  discussion  serves  in  part  as  an  introduction,  while 
in  this  and  other  reports  it  will  be  found  in  the  Appendix ; but  if  necessary  it 
should  be  read  and  studied  in  advance  of  the  report  proper. 
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Pike  county  is  located  in  the  southern  part  of  the  upper  Illinois  glaciation 
between  the  Mississippi  and  Illinois  rivers.  The  southern  and  southwestern  part 
of  the  county  is  in  the  unglaciated  area  that  includes  Calhoun  county  on  the 
south.  It  is  divided  into  two  physiographic  regions — the  eastern,  sloping  to  the 
Illinois  river,  and  the  western  to  the  Mississippi. 

The  topography  is  due  primarily  to  stream  erosion,  tho  it  is  very  likely  that 
the  glacier  that  covered  the  larger  part  of  the  county  during  the  Glacial  period 
did  much  toward  producing  the  present  topography,  especially  in  the  northern 
and  northeastern  parts  of  the  county.  This  ice  sheet,  which  covered  half  of  North 
America,  made  several  advances,  the  most  extensive  one  in  this  part  of  the  state 
being  known  as  the  Illinois  glaciation. 

The  elevation  of  land  to  the  north,  in  the  vicinity  of  Labrador,  Hudson  Bay, 
and  probably  westward,  changed  the  climate  sufficiently  so  that  snow  and  ice  ac- 
cumulated on  this  height  of  land  to  such  an  extent  that  vast  ice  sheets  developed. 
These  ice  fields  resembled  that  of  Greenland  at  the  present  time,  which  covers  an 
area  of  500,000  square  miles.  There  seemed  to  be  three  centers  of  accumulation, 
one  in  Labrador,  another  just  west  of  Hudson  Bay,  and  a third  in  the  Rocky 
Mountains.  From  these  centers  the  snow  and  ice  pushed  southward  hundreds  of 
miles  until  a point  was  reached  where  the  ice  melted  as  rapidly  as  it  advanced. 

In  moving  across  the  country,  the  ice  gathered  up  all  sorts  and  sizes  of 
earthly  material,  including  masses  of  rock,  boulders,  pebbles,  and  finer  debris. 
Many  of  these  were  carried  for  hundreds  of  miles  and  rubbed  against  the  surface 
rocks  or  against  each  other  until  ground  into  powder.  When  the  limit  of  advance 
was  reached,  where  the  ice  largely  melted,  this  material  was  deposited  in  a broad, 
undulating  ridge,  or  moraine.  When  the  ice  melted  away  more  rapidly  than  the 
glacier  advanced,  the  terminus  of  the  glacier  would  recede  and  leave  the  moraine 
to  mark  the  outer  limit  of  the  ice  sheet. 

The  material  transported  by  the  glacier  varied  with  the  character  of  the 
rocks  over  which  it  passed.  Granites,  limestones,  sandstones,  shales,  etc.,  were 
mixed  and  ground  up  together.  This  mixture  of  all  kinds  of  boulders,  gravel, 
sand,  silt,  and  clay  is  called  boulder  clay,  till,  glacial  drift,  or  simply  drift.  The 
grinding  and  denuding  power  of  glaciers  is  enormous.  A mass  of  ice  100  feet 
thick  exerts  a pressure  of  40  pounds  per  square  inch,  and  the  ice  sheets  were 
probably  thousands  of  feet  in  thickness.  This  enabled  the  glacier  to  change  the 
surface  over  which  it  passed,  rubbing  down  the  hills  and  filling  the  valleys. 
With  the  exception  of  the  morainal  ridges,  the  deposit  of  drift  in  Pike  county 
is  comparatively  shallow.  In  the  morainal  regions,  however,  it  attains  a thick- 
ness of  100  feet  or  more. 
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The  ice  made  many  advances,  and  with  each  advance  a terminal  moraine  was 
formed.  The  three  morainal  ridges  in  Pike  county  indicate  three  glacial  ad- 
vances. These  ridges  have  an  elevation  in  some  places  of  almost  900.  feet  above 
sea  level.  During  one  stage  of  this  glaciation,  Pike  county  was  almost  covered 
by  the  ice  sheet,  the  south  border  of  which  extended  from  New  Canton  southeast 
to  the  vicinity  of  Pearl.  North  of  this  is  found  a series  of  drift  ridges  that  are 
not  very  distinct  because  erosion  has  almost  destroyed  them  in  some  places.  One 
of  these  ridges  enters  Pike  from  Adams  county  near  Baylis,  and  another  is  found 
between  Hadley  and  Kiser  creeks,  swinging  around  to  the  northeast,  then  to  the 
southeast,  and  uniting  with  the  one  mentioned  above  south  of  Pittsfield,  and  then 
continuing  to  just  north  of  Bedford.  The  other  ridge  begins  in  the  vicinity  of 
Tempest  and  passes  southeastward  west  of  Griggsville,  leaving  the  county  be- 
tween Milton  and  Florence.  These  ridges  represent  terminal  moraines  of  the 
upper  Illinois  glaciation. 

Physiography 

About  one-fourth  of  the  upland  of  Pike  county  is  within  the  drainage  basin 
of  the  Illinois  river  and  three-fourths  within  that  of  the  Mississippi  basin.  The 
divide  between  these  two  basins  is  about  three  or  four  miles  from  the  Illinois 
river  as  far  north  as  Milton.  From  here  it  extends  to  the  northwest,  passing 
just  west  of  Maysville  and  thence  northwest  thru  Fish  Hook.  Blue  creek  and 
Middle  Forks  are  the  largest  streams  on  the  Illinois  slope.  Several  streams  flow 
into  the  Mississippi  river,  chief  of  which  are  Bay,  Six  Mile,  Dutch,  Kiser,  and 
Hadley  creeks.  Besides  these  two  upland  regions  there  are  approximately  160 
square  miles  of  bottom  land.  That  along  the  Mississippi  river  varies  from  four  to 
ten  miles  in  width,  but  the  only  extensive  bottom  land  along  the  Illinois  river  is  in 
the  northeastern  part  of  the  county,  where  it  attains  a width  of  about  five  miles. 

Much  of  the  upland  of  the  county  is  badly  eroded.  Several  small  and  irreg- 
ular areas  of  prairie  land  are  found  however,  principally  in  the  eastern  part  of 
the  county.  The  largest  areas  are  around  Milton  and  Griggsville.  These  are 
comparatively  level. 

The  altitudes  above  sea  level  of  some  places  in  Pike  county  are  as  follows : 
Barry,  666  feet ; Baylis,  864 ; Brewster,  466 ; Griggsville,  681 ; Hull,  467  ; Kinder- 
hook.  464;  Nebo,  484;  New  Salem,  774;  Pearl,  451;  Pittsfield,  760;  Pleasant  Hill. 
459;  Straut,  655;  Bedford,  470;  Chambersburg,  510;  Detroit,  700;  Fish  Hook, 
795 ; Milton,  695 ; Perry,  610.  The  altitude  of  low  water  on  the  Illinois  river  at 
Bedford  is  413  feet,  while  on  the  Mississippi  river  at  Louisiana,  Missouri,  it  is 
437  feet.  The  bluffs  along  the  Mississippi  are  about  200  feet  high,  and  consist  of 
limestone. 

Soil  Materials  and  Soil  Types 

Altho  the  Illinois  glacier  covered  the  larger  part  of  Pike  county,  yet  the  drift 
deposited  by  it  does  not  constitute  the  material  from  which  the  soil  has  been  made. 
The  glacial  drift,  as  well  as  the  residual  material  on  the  unglaciated  area,  has 
been  covered  to  a depth  of  ten  to  fifty  feet  or  more  by  a wind-blown  material,  or 
loess,  derived  chiefly  from  the  wide  bottom  lands  of  the  Mississippi  and  Illinois 
rivers.  During  the  periods  of  the  greatest  melting  of  the  glaciers  to  the  north, 
the  bottom  lands  were  flooded  by  streams  at  other  times  restricted  to  their  ordi- 
nary channels.  Finely  ground  material  produced  by  the  glacier  was  carried  with 
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the  water  and  deposited  upon  the  flood  plains  during  the  overflow.  When  this 
became  dry,  it  was  picked  up  by  the  wind  and  carried  over  the  upland,  where  it 
formed  the  deposit  of  loess.  Naturally  this  deposit  would  be  deeper  near  the 
source  of  the  material,  and,  since  the  prevailing  winds  were  from  the  southwest, 
it  would  be  deeper  on  the  east  slopes  from  the  bottom  lands  than  on  the  west,#tho 
strong  winds  came  also  from  the  south  or  southeast  and  piled  it  to  some  depth 
on  the  west  bluffs.  So,  in  this  case,  the  deposit  is  found  quite  thick  on  the  east 
bluff  of  the  Mississippi,  gradually  thinning  out  until  within  five  or  six  miles  of 
the  Illinois  bottom,  where  it  begins  to  thicken,  becoming  quite  thick  for  a mile  or 
or  two  along  the  later  bottom  land. 

Loess  is  a mixture  of  all  sorts  of  materials  that  were  finely  ground  by  gla- 
ciers. As  a consequence,  it  contained,  when  first  deposited,  much  pulverized 
limestone,  and  this  was  largely  responsible  for  the  original  fertility  of  loess 
soils.  After  the  loess  was  deposited  over  the  country,  the  surface  stratum  be- 
came mixed  with  more  or  less  organic  matter  and  was  acted  upon  by  organisms 
and  thus  gradually  changed  into  soil.  Subsequently  the  limestone  has  been 
removed  by  leaching. 


Table  1. — Soil  Types  of  Pike  County 


Soil 

type 

No. 

Name  of  type 

Area  in 
square 
miles 

Area 

in 

acres 

Percent 
of  total 
area 

(a)  Upland  Prairie  Soils  (page  20) 

526 

Brown  silt  loam 

25.95 

16  608 

3.25 

520 

Black  clay  loam 

.11 

70 

.01 

530 

Gray  silt  loam  on  tight  clay 

.82 

525 

.10 

528 

Brown-gray  silt  loam  on  tight  clay 

3.69 

2 362 

.46 

30.57 

19  565 

3.82 

534 

(b)  Upland  Timber  Soils  (page  24) 

Yellow-gray  silt  loam 

99.65 

1 63  776 

12.48 

532 

Light  gray  silt  loam  on  tight  clay 

1.54 

986 

.19 

535 

Yellow  silt  loam ! 

255.01 

163  206 

31.92 

874 

Yellow-gray  fine  sandy  loam 

27.66 

17  702 

3.46 

875 

Yellow  fine  sandy  loam 

126.77 

81  133 

15.87 

599 

Rock  outcrop  

3.62 

2 317 

.45 

514.25 

329  120 

64.37 

(c)  Old  Bottom-Land  Soils  (page  30) 

, ■ 

1330 

Gray  silt  loam  on  tight  clay 

24.17 

15  469 

3.03 

1354 

Mixed  loam  

40.20 

25  728 

5.03 

64.37 

41  197 

8.06 

1426 

(d)  Swamp  and  Late  Bottom-Land  Soils  (page  31) 
Deep  brown  silt  loam 

65.20 

41  728 

8.16 

1426.2 

Brown  silt  loam  on  sand 

46.52 

29  773 

5.82 

1415 

Drab  clay 

38.12 

24  397 

4.77 

1460 

Brown  sandy  loam 

17.29 

11  066 

2.17 

1461 

Mixed  sandy  loam 

8.48 

5 427 

1.06 

1480 

River  sand  

.30 

192 

.04 

175.91 

112  583 

22.02 

Water  

13.79 

8 826 

1.73 

Total  

798.89 

511  291 

100.00 
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The  soils  of  Pike  county  are  divided  into  the  following  classes : 

(a)  Upland  prairie  soils,  rich  in  organic  matter. 

(b)  Upland  timber  soils,  including  those  areas  upon  which  forests  have 
grown  for  a sufficient  length  of  time  to  change  the  character  of  the  soil. 

(c)  Swamp  and  bottom-land  soils,  including  both  the  old  (1300)  and  the 
new  (1400)  flood  plains  along  streams. 

Table  1 shows  the  area  of  each  type  of  soil  in  Pike  county  and  its  percentage 
of  the  total  area.  It  will  be  noted  that  the  yellow  silt  loam  hill  land  occupies 
nearly  one-third  of  the  county,  while  the  three  most  extensive  upland  timber 
types  cover  60  percent  of  the  total  area. 

THE  INVOICE  AND  INCREASE  OF  FERTILITY  IN  PIKE 
COUNTY  SOILS 

Soil  Analysis 

In  order  to  avoid  confusion  in  applying  in  a practical  way  the  technical 
information  contained  in  this  report,  the  results  are  given  in  the  most  simplified 
form.  The  composition  reported  for  a given  soil  type  is,  as  a rule,  the  average 
of  many  analyses,  which,  like  most  things  in  nature,  show  more  or  less  variation ; 
but  for  all  practical  purposes  the  average  is  most  trustworthy  and  sufficient. 
(See  Bulletin  123,  which  reports  the  general  soil  survey  of  the  state,  together 
with  many  hundred  individual  analyses  of  soil  samples  representing  twenty-five 
of  the  most  important  and  most  extensive  soil  types  in  the  state.) 

The  chemical  analysis  of  a soil  gives  the  invoice  of  fertility  actually  present 
in  the  soil  strata  sampled  and  analyzed,  but,  as  explained  in  the  Appendix,  the 
rate  of  liberation  is  governed  by  many  factors.  Also,  as  there  stated,  probably 
no  agricultural  fact  is  more  generally  known  by  farmers  and  landowners  than 
that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and  at  the  same 
time,  prepared  the  same  way,  planted  the  same  day  with  the  same  kind  of  seed, 
and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by  the  same  sun, 
nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as  the  poorest  acre 
on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the  fact  should  be  re- 
peated and  emphasized  that  the  productive  power  of  normal  soil  in  humid  sec- 
tions depends  upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the 
rate  at  which  it  is  liberated. 

The  fact  may  be  repeated,  too,  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is  ab- 
solutely essential  for  the  growth  and  formation  of  every  agricultural  plant.  Of 
these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured  from 
the  air  by  all  plants,  only  one  (hydrogen)  from  water,  while  seven  are  secured 
from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the  soil  by 
all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants  (legumes) 
in  case  the  amount  liberated  from  the  soil  is  insufficient.  But  even  the  legumi- 
nous plants  (which  include  the  clovers,  peas,  beans,  alfalfa,  and  vetches),  in 
common  with  other  agricultural  plants,  secure  from  the  soil  alone  six  elements 
(phosphorus,  potassium,  magnesium,  calcium,  iron,  and  sulfur)  and  also  utilize 
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the  soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period 
of  growth. 

Table  A in  the  Appendix  shows  the  requirements  of  large  crops  for  the  five 
most  important  plant-food  elements  which*  the  soil  must  furnish.  (Iron  and 
sulfur  are  supplied  normally  from  natural  sources  in  sufficient  abundance,  com- 
pared with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit 
the  yield  of  common  farm  crops.) 

In  Table  2 are  reported  the  amounts  of  organic  carbon  (the  best  measure  of 
the  organic  matter)  and  the  total  amounts  of  the  five  important  elements  of  plant 
food  contained  in  2 million  pounds  of  the  surface  soil  of  each  type  in  Pike 
county— the  plowed  soil  of  an  acre  about  6%  inches  deep.  In  addition,  the 
table  shows  the  amount  of  limestone  present,  if  any,  or  the  soil  acidity  as  meas- 
ured by  the  amount  of  limestone  required  to  neutralize  it. 

The  soil  to  the  depth  indicated  includes  at  least  as  much  as  is  ordinarily 
turned  with  the  plow,  and  represents  that  part  with  which  the  farm  manure, 
limestone,  phosphate,  or  other  fertilizer  applied  in  soil  improvement  is  incor- 
porated. It  is  the  soil  stratum  that  must  be  depended  upon  in  large  part  to 
furnish  the  necessary  plant  food  for  the  production  of  crops,  as  will  be  seen 
from  the  information  given  in  the  Appendix.  Even  a rich  subsoil  has  little  or 
no  value  if  it  lies  beneath  a worn-out  surface,  for  the  weak,  shallow-rooted  plants 
will  be  unable  to  reach  the  supply  of  plant  food  in  the  subsoil.  If,  however,  the 
fertility  of  the  surface  soil  is  maintained  at  a high  point,  then  the  plants,  with  a 


Table  2. — Fertility  in  the  Soils  of  Pike  County,  Illinois 
Average  pounds  per  acre  in  2 million  pounds  of  surface  soil  (about  0 to  6%  inches) 


Soil 

type 

No. 

Soil  type 

Total  J 
organic 
carbon 

Total 

nitro- 

gen 

Total 

phos- 

phorus 

Total 
potas- 
sium ! 

Total 

magne- 

sium 

Total 

. . stone 

calcium  1 , 

present 

Soil 

acidity 

present 

Upland  Prairie  Soils 

526 

Brown  silt  loam 

41  060 

3 200 

900 

36  440 

8 500 

7 360 

60 

520 

Black  clay  loam 

52  580 

3 840 

1 000 

34  220 

10  400 

13  120 

120 

530 

Gray  silt  loam  on  tight 

clay  

22  800 

1 840 

660 

34  000 

5 020 

9 240 

240 

528 

Brown-gray  silt  loam  on 

tight  clay 

29  600 

2 240 

860 

39  000 

5 520 

: 7 860 

60 

Upland  Timber  Soils 


534 

Yellow-gray  silt  loam . . . 

26  100 

2 120 

780 

36  890 

6 290 

7 900 

140 

532 

Light  gray  silt  loam  on 

tight  clay 

22  940 

1 800 

840 

37  440 

5 920 

8 780 

20 

535 

Yellow  silt  loam 

17  170 

1 590 

730 

36  790 

6 400 

8 680 

70 

874 

Yellow-gray  fine  sandy 

loam  

25  120 

2 140 

720 

39  060 

5 200 

11  740 

60 

875 

Yellow  fine  sandy  loam.  . 

18  430 

1 760 

730 

38  260 

5 430 

8 350 

50 

Old  Bottom-Land  Soils 


1330 

Gray  silt  loam  on  tight 

1 

clay 

35  170 

2 940 

990 

31  450 

5 770  8 610 

90 

1354 

Mixed  loam  

30  220 

2 910 

1 080 

33  830 

6 430|  9 280 

90 

Swamp  and  Late  Bottom-Land  Soils 


1426 

Deep  brown  silt  loam . . . 

40  330 

3 230 

1 150 

33  620 

6 070 

12  780 

50 

1426.2 

Brown  silt  loam  on  sand. 

36  900 

3 230 

1 360 

33  170 

10  040 

13  060 

70 

1415 

Drab  clay 

39  090 

3 680 

1 300 

31  830 

11  520 

13  470 

90 

1460 

Brown  sandy  loam 

27  540 

2 610 

1 810 

27  550 

7 380 

12  490 

110 

1461 

Mixed  sandy  loam 

27  860 

2 400 

1 360 

31  380 

8.280 

13  540 

60 

1480 

1 River  sand 

4 600 

180 

500 

20  960 

3 920 

9 500 

40 
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vigorous  start  from  the  rich  surface  soil,  can  draw  upon  the  subsurface  and  the 
subsoil  for  a greater  supply  of  plant  food. 

By  easy  computation  it  will  be  found  that  as  an  average  the  three  most  com- 
mon upland  soils  of  Pike  county,  aggregating  60  percent  of  the  total  area,  do 
not  contain  in  the  plowed  soil  more  than  enough  total  nitrogen  for  the  produc- 
tion of  maximum  crops  for  fifteen  years ; and  the  best  soils  in  the  county  con- 
tain only  about  twice  as  much  nitrogen. 

With  respect  to  phosphorus,  the  condition  differs  only  in  degree,  the  average 
upland  of  the  county  containing  no  more  of  that  element  than  would  be  required 
for  forty  years  if  such  yields  were  secured  as  are  suggested  in  Table  A of  the 
Appendix.  It  will  be  seen  from  the  same  table  that  in  the  case  of  the  cereals 
about  three-fourths  of  the  phosphorus  taken  from  the  soil  is  deposited  in  the 
grain,  while  only  one-fourth  remains  in  the  straw  or  stalks. 

On  the  other  hand,  the  potassium  is  sufficient  for  28  centuries  if  only  the 
grain  is  sold,  or  for  450  years  even  if  the  total  crops  should  be  removed  and 
nothing  returned.  The  corresponding  figures  are  about  1,500  and  350.  years  for 
magnesium,  and  about  8,000  and  200  years  for  calcium.  Thus,  when  measured 
by  the  actual  crop  requirements  for  plant  food,  potassium  is  no  more  limited 
than  magnesium  and  calcium,  and,  as  explained  in  the  Appendix,  with  mag- 
nesium, and  more  especially  calcium,  we  must  also  consider  the  fact  that  loss  by 
leaching  is  far  greater  than  by  cropping. 

These  general  statements  relating  to  the  total  quantities  of  plant  food  in 
the  plowed  soil  of  the  common  upland  certainly  emphasize  the  fact  that  the  sup- 
plies of  some  of  these  necessary  elements  of  fertility  are  extremely  limited  when 
measured  by  the  needs  of  large  crop  yields  for  even  one  or  two  generations  of 
people;  and  with  a population  increasing  by  more  than  20  percent  each  decade, 
the  future  needs  of  the  people  are  likely  to  be  far  greater  than  were  the  require- 
ments of  the  past. 

As  a rule,  the  variation  among  the  different  types  of  soil  in  Pike  county 
with  respect  to  their  content  of  important  plant-food  elements  is  not  very  marked, 
altho  the  late  bottom-land  soils  contain  about  twice  as  much  nitrogen  and  phos- 
phorus as  the  common  upland  timber  soils.  The  most  significant  facts  revealed 
by  the  investigation  of  the  Pike  county  soils  are  the  great  abundance  of  potas- 
sium, the  common  lack  of  limestone,  and  the  low  content  of  nitrogen  and  phos- 
phorus in  the  most  extensive  upland  types,  which  combined  cover  about  60  per- 
cent of  the  entire  county.  And  yet  the  deficiencies  can  be  overcome  at  relatively 
small  expense  by  the  application  of  ground  limestone  and  phosphorus,  and  by 
the  production  and  proper  use  of  clover,  by  means  of  which  nitrogen  can  be  se- 
cured from  the  inexhaustible  supply  in  the  air.  If  the  clover  is  returned  to  the 
soil,  either  directly  or  in  farm  manure,  the  combined  effect  of  limestone,  phos- 
phorus, and  nitrogenous  organic  matter,  with  a good  rotation  of  crops,  will  in 
time  largely  increase  the  yield  of  corn  and  other  crops.  On  the  hilly  lands 
(yellow  silt  loam  and  yellow  fine  sandy  loam)  where  much  erosion  is  likely  to 
occur,  the  addition  of  phosphorus  is  not  necessary  or  advisable,  because  the  sup- 
ply is  renewed  by  the  subsoil,  which  is  gradually  transformed  into  surface  soil ; 
but  on  the  other  upland  types,  which  are  less  rolling  or  level,  phosphorus  must 
be  supplied,  as  well  as  limestone  and  organic  matter,  if  permanent  systems  of 
farming  are  to  be  adopted. 
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Fortunately,  some  definite  experiments  have  already  been  conducted  on  soils 
representing  some  of  the  common  types  of  Pike  county,  and  before  considering 
in  detail  the  individual  soil  types,  it  seems  advisable  to  study  some  of  the  results 
already  obtained  where  definite  systems  of  soil  improvement  have  been  tried  out 
by  pot  cultures  or  field  experiments. 

Results  from  Pot-Culture  Experiments 

The  most  extensive  soil  type  in  Pike  county  is  the  yellow  silt  loam.  Where 
this  soil  has  been  long  cultivated  and  thus  exposed  to  surface  washing,  it  is  par- 
ticularly deficient  in  nitrogen ; indeed,  on  such  lands  the  low  supply  of  nitrogen 
is  the  factor  that  first  limits  the  growth  of  grain  crops.  This  fact  is  very  strik- 
ingly illustrated  by  the  results  from  two  pot-culture  experiments  reported  in 
Tables  3 and  4,  and  shown  photographically  in  Plates  1 and  2. 

In  one  experiment,  a large  quantity  of  typical  worn  hill  soil  was  collected 
from  two  different  places.  Each  lot  of  soil  was  thoroly  mixed  and  put  into 
ten  four-gallon  jars.  Wheat  was  planted  in  one  series  and  oats  in  the  other.1 


Plate  1. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  3) 


Table  3. — Crop  Yields  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn 

Hill  Land 
(Crams  per  pot) 


Pot 

No. 

Soil  treatment  applied 

Wheat 

Oats 

1 

3 

5 

2 

Limestone 

4 

4 

3 

Limestone,  nitrogen 

26 

45 

4 

Limestone,  phosphorus 

3 

6 

5 

Limestone,  potassium 

3 

5 

6 

Limestone,  nitrogen,  phosphorus 

34 

38 

7 

Limestone,  nitrogen,  potassium 

33 

46 

8 

Limestone,  phosphorus,  potassium 

2 

5 

9 

Limestone,  nitrogen,  phosphorus,  potassium 

34 

38 

10 

3 

5 

Average  yield  with  nitrogen 

32 

42 

Average  yield  without  nitrogen 

3 

5 

Average  gain  for  nitrogen 

29 

37 

“Soil  for  wheat  pots  from  loess-covered  unglaciated  area,  and  that  for  oat  pots  from 
upper  Illinois  glaciation. 
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Ground  limestone  was  added  to  all  the  jars  except  the  first  and  last  in  each  set, 
those  two  being  retained  as  control  or  check  pots.  The  elements  nitrogen,  phos- 
phorus, and  potassium  were  added  singly  and  in  combination,  as  shown  in  Table  3. 

As  an  average,  the  nitrogen  applied  produced  a yield  about  eight  times  as 
large  as  that  secured  without  the  addition  of  nitrogen.  While  some  variations 
in  yield  are  to  be  expected,  because  of  differences  in  the  individuality  of  seed  or 
other  uncontrolled  causes,  yet  there  is  no  doubting  the  plain  lesson  taught  by 
these  actual  trials  with  growing  plants. 

The  question  arises  next,  Where  is  the  farmer  to  secure  this  much-needed 
nitrogen  ? To  purchase  it  in  commercial  fertilizer  would  cost  too  much ; indeed, 
under  average  conditions  the  cost  of  the  nitrogen  in  such  fertilizers  is  greater 
than  the  value  of  the  increase  in  crop  yields. 

But  there  is  no  need  whatever  to  purchase  nitrogen,  for  the  air  contains  an 
inexhaustible  supply  of  it,  which,  under  suitable  conditions,  the  farmer  can  draw 
upon,  not  only  without  cost,  but  with  profit  in  the  getting.  Clover,  alfalfa,  cow- 
peas,  and  soybeans  are  not  only  worth  raising  for  their  own  sake,  but  they  have 
the  power  to  secure  nitrogen  from  the  atmosphere  if  the  soil  contains  the  essen- 
tial minerals  and  the  proper  nitrogen-fixing  bacteria. 

In  order  to  secure  further  information  along  this  line,  another  experiment 
with  pot  cultures  was  conducted  for  several  years  with  the  same  type  of  worn 
hill  soil  as  that  used  for  wheat  in  the  former  experiment.  The  results  are  re- 
ported in  Table  4. 


Plate  2. — Wheat  in  Pot-Culture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill  Land 

(See  Table  4) 


Table  4. — Crop  Yields  in  Pot-CUlture  Experiment  with  Yellow  Silt  Loam  of  Worn  Hill 
Land  and  Nitrogen-Fixing  Green  Manure  Crops 

(Grams  per  pot) 


Pot 

No. 

Soil  treatment 

1903 

Wheat 

1904 

Wheat 

1905 

Wheat 

1906 

Wheat 

1907 

Oats 

1 

None 

5 

i 4 

4 

4 

6 

O 

Li 

Limestone,  legume 

10 

17 

26 

19 

37 

11 

Limestone,  legume,  phosphorus 

14 

19 

20 

18 

27 

12 

Limestone,  legume,  phosphorus,  potassium.  . 

16 

20 

21 

19 

30 

3 

Limestone,  nitrogen 

17 

14 

15 

9 

28 

6 

Limestone,  nitrogen,  phosphorus 

26 

20 

18 

18 

30 

9 

Limestone,  nitrogen,  phosphorus,  potassium. 

31 

34 

21 

20 

26 

8 

Limestone,  phosphorus,  potassium 

3 

3 

5 

3 
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To  three  pots  (Nos.  3,  6,  and  9)  nitrogen  was  applied  in  commercial  form, 
at  an  expense  amounting  to  more  than  the  total  value  of  the  crops  produced. 
In  three  other  pots  (Nos.  2,  11,  and  12)  a crop  of  cowpeas  was  grown  during 
the  late  summer  and  fall  and  turned  under  before  the  wheat  or  oats  were  planted. 
Pots  1 and  8 served  for  important  comparisons.  After  the  second  cover  crop  of 
cowpeas  had  been  turned  under,  the  yield  from  Pot  2 exceeded  that  from  Pot  3 ; 
and  in  the  subsequent  years  the  legume  green  manures  produced,  as  an  average, 
rather  better  results  than  the  commercial  nitrogen.  This  experiment  confirms 
that  reported  in  Table  3,  in  showing  the  very  great  need  of  nitrogen  for  the  im- 
provement of  this  type  of  soil, — and  it  also  shows  that  nitrogen  need  not  be  pur- 
chased but  that  it  can  be  obtained  from  the  air  by  growing  legume  crops  and 
plowing  them  under  as  green  manure.  Of  course  the  soil  can  be  very  markedly 
improved  by  feeding  the  legume  crops  to  live  stock  and  returning  the  resulting 
farm  manure  to  the  land,  if  sufficiently  frequent  crops  of  legumes  are  grown  and 
if  the  farm  manure  produced  is  sufficiently  abundant  and  is  saved  and  applied 
with  care. 

Results  from  Field  Experiments  at  Vienna 

In  1902  a soil  experiment  field  was  established  on  the  worn  hill  land  of 
southern  Illinois,  near  Vienna,  in  Johnson  county.  The  results  of  nine  years’ 
experiments  conducted  there  are  reported  in  Table  5. 

This  field  included  three  divisions,  or  series,  with  five  plots  in  each  series. 
A three-year  rotation  of  wheat,  corn,  and  cowpeas  was  begun,  but  because  of 
local  interest  this  was  changed  to  corn,  wheat,  and  clover.  When  the  clover 
failed,  which  was  frequent,  cowpeas  were- substituted. 

During  the  first  three  years  the  entire  crop  of  cowpeas  was  plowed  under, 
except  on  Plot  1 of  each  series,  as  indicated  in  Table  5.  During  the  second  three 
years  all  crops  were  removed ; and  during  the  third  three-year  period  the  pods  of 
the  cowpeas  (small  yields  not  threshed)  and  all  grain  were  harvested  and  re- 
moved, while  the  pea  vines  or  clover,  and  the  wheat  straw  and  corn  stalks  were 
returned  to  the  land  except  on  Plot  1,  from  which  all  crops  were  removed  and 
nothing  returned. 

If  the  first  three  years  required  to  get  the  rotation  and  soil  treatment  under- 
way are  passed  over,  there  still  remain  the  records  of  six  years,  during  which 
time  6 crops  of  corn,  6 crops  of  wheat,  and  1 crop  of  clover  hay  were  harvested 
and  weighed.  A study  of  Table  5 will  show  that  the  land  treated  with  ground 
limestone  and  some  crop  residues  (Plot  3 of  all  series)  produced,  during  the  six 
years,  74  bushels  more  corn,  60  bushels  more  wheat,  and  l1/^  tons  more  hay  than 
the  untreated  land.  By  comparing  Plots  2 and  3,  it  will  be  found  that  the  land 
receiving  limestone  and  residues  produced,  during  the  same  six  years,  64  bushels 
more  corn,  39  bushels  more  wheat,  and  1.1  tons  more  harvested  hay  than  the  land 
receiving  only  residues. 

In  order  to  summarize  the  results  of  the  nine  years’  experiments,  the  six 
grain  crops  from  each  series  and  the  one  crop  of  clover  hay  harvested  from  Series 
200  (in  1907)  are  reduced  to  a money  basis,  in  which  corn  is  figured  at  35  and 
50  cents  a bushel,  oats  at  28  and  40  cents,  wheat  at  70  cents  and  $1,  and  hay  at 
$7  and  $10  a ton.  These  dual  prices  are  used  in  order  to  show  the  possible  in- 
fluence of  prices  upon  farm  practice.  The  lower  prices  are  appreciably  below 
the  ten-year  averages  for  Illinois,  but  it  should  be  kept  in  mind  that  the  increase 
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produced  by  soil  treatment  is  not  delivered  at  the  market  by  that  treatment,  but 
only  ready  for  the  harvest;  and  additional  expense  is  required  for  harvesting, 
threshing,  baling,  and  storing  or  marketing.  For  the  farm  operator  the  lower 
prices  may  be  used,  while  the  landlord,  whose  share  is  placed  in  storage,  or  some- 
times delivered  to  the  market  by  the  tenant,  may  use  the  higher  prices,  if  they 
seem  fair.  The  yields  are  given,  and  anyone  can  compute  the  value  of  the  in- 
crease at  any  other  prices,  if  he  so  desires. 

About  9 tons  per  acre  of  ground  limestone  were  applied  in  1902.  The  cost 
of  this  is  figured  at  $1.25  per  ton,  which  is  about  the  average  cost  in  Illinois,  not 
including  the  expense  of  application,  which  is  best  estimated  locally. 

Phosphorus  was  supplied  at  the  rate  of  25  pounds  per  acre  per  annum  in 
200  pounds  of  steamed  bone  meal  (600  pounds  every  three  years).  With  the  bone 
meal  figured  at  $25  per  ton,  the  cost  of  the  phosphorus  is  10  cents  a pound. 
However,  the  average  cost  of  steamed  bone  meal  is  now  somewhat  higher;  and 
where  farm  manure  or  green  manure  is  available,  and  phosphorus  is  needed,  the 
use  of  raw  rock  phosphate  is  advised  in  place  of  steamed  bone,  the  raw  phosphate 
being  just  as  rich  in  phosphorus  and  costing  in  Illinois  from  $6.50  to  $7.50  per 
ton  in  carload  lots. 

Potassium  was  applied  at  the  rate  of  42  pounds  per  acre  per  annum  in  100 
pounds  of  potassium  sulfate.  The  potassium  sulfate  is  figured  at  $50  per  ton,  or 
potassium  at  6 cents  a pound.  As  shown  in  Table  2,  this  common  upland  con- 
tains, as  an  average,  more  than  30,000  pounds  of  potassium  in  the  plowed  soil 
of  an  acre  (6%  inches  deep),  and  the  subsurface  and  subsoil  are  still  richer,  so 
that  the  problem  with  respect  to  potassium  is  not  one  of  addition  but  of  liberation. 
If  potassium  salts  are  applied  at  all,  or  temporarily  until  more  vegetable  matter 
can  be  grown  and  plowed  under,  then  the  use  of  kainit  in  larger  amounts  and  at 
less  expense  is  recommended,  rather  than  potassium  sulfate,  for  reasons  explained 
in  the  Appendix. 

It  should  be  understood  that  when  these  field  experiments  were  begun,  there 
was  but  very  little  information  available  concerning  the  composition  or  require- 
ments of  Illinois  soils.  Steamed  bone  meal  and  potassium  sulfate  were  used  to 
determine  whether  the  soil  needed  phosphorus  or  potassium,  for  it  was  known 
that  these  materials  furnish  both  phosphorus  and  potassium  in  good  form.  On 
many  experiment  fields  established  more  recently,  fine-ground  rock  phosphate  is 
now  being  used  with  very  good  results,  and  in  some  cases  trials  with  kainit  are 
also  being  made.  (See  the  Appendix  and  Circulars  149  and  165.) 

Taking  into  account  the  entire  period  of  nine  years,  it  will  be  seen  that,  at 
most  conservative  prices,  the  ground  limestone  paid  back  nearly  twice  its  actual 
cost,  and  the  equivalent  of  about  one-half  of  the  limestone  still  remained  in  the 
soil  for  the  benefit  of  subsequent  crops.1  It  is  possible,  too,  that  half  the  quantity 

1On  the  Edgewood  experiment  field  in  Effingham  county,  10  tons  per  acre  of  ground  lime- 
stone were  applied  in  1902.  At  the  end  of  ten  years  the  analysis  of  the  soil  showed  that,  as 
an  average  of  eight  plots,  8,370  pounds  of  limestone  per  acre  still  remained  in  the  surface 
stratum,  while  in  the  surface  stratum  of  eight  untreated  half -plots  there  was  an  acidity  cor- 
responding to  1,070  pounds  of  limestone  required.  The  acidity  of  the  subsurface  of  the 
treated  plots  averaged  2,270  pounds  per  acre  less  (in  terms  of  limestone  required  to  neutralize 
it)  than  that  of  the  untreated  plots.  Thus  the  total  difference  at  the  end  of  ten  years  was 
equivalent  to  6.1  tons  of  calcium  carbonate,  and  the  net  loss  was  3.9  tons  of  limestone,  or  780 
pounds  per  acre  per  annum.  (These  averages  are  based  upon  analyses  involving  twenty-four 
determinations,  which  were  made  by  Mr.  C.  F.  Ferris  in  1912,  as  part  of  his  work  for  the  degree 
of  master  of  science  in  agronomy. 
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of  limestone  applied  at  the  beginning  would  have  given  nearly  or  quite  as  good 
results,  but  the  information  available  as  to  the  initial  amount  of  limestone  to 
apply  for  the  most  profitable  results  is  not  conclusive.  In  any  case  the  initial 


Table  5. — Crop  Yields  per  Acre  on  Vienna  Experiment  Field:  Yellow  Silt  Loam 
op  Common  Worn  Hill  Land,  Unglaciated 


Soil  treatment 

None 

(except 

rotation) 

Crop  res. 

Crop  res. 
Limestone 

Crop  res. 
Limestone 
Phosphorus 

Crop  res. 
Limestone 
Phosphorus 
Potassium 

Series  100 

Plot  No 

101 

102 

103 

104 

105 

1902 

Corn,  bu 

15.5 

13.3 

14.9 

12.5 

19.9 

1903 

Corn,  bu 

9.3 

5.0 

8.3 

7.4 

11.6 

1904 

Cowpeas 

Removed 

Turned 

Turned 

Turned 

Turned 

1905 

Wheat,  bu 

1.3 

10.8 

18.2 

25.6 

30.0 

3906 

Cowpeas 

Removed 

Removed 

Removed 

Removed 

Removed 

1907 

Corn,  bu 

16.7 

17.8 

30.3 

■ 37.1 

38.1 

1908 

Wheat,  bu 

0 

0 

4.5 

8.3 

9.8 

1909 

Cowpeas 

Removed 

Turned 

Turned 

Turned 

Turned 

1910 

Corn,  bu 

33.5 

35.4 

44.7 

46.6 

58.3 

Value  of  j Lower  prices 

1 $27.16 

$32.59 

| $50.26 

$59.99 

$72.62 

six  crops  | Higher  prices 

38.80 

46.55 

71.80 

85.70 

103.75 

Series  200 

Plot  No 

201 

202 

203 

204 

205 

1902 

Oats,  bu 

19.1 

18.8 

19.8 

20.0 

31.7 

1903 

Cowpeas 

Removed 

Turned 

Turned 

Turned 

Turned 

1904 

Wheat,  bu 

6.7 

7.1 

10.0 

14.8 

17.5 

1905 

Corn,  bu 

37.5_ 

42.9 

61.9 

57.2 

56.5 

1906 

Wheat,  bu 

3.8 

5.4 

17.9 

11.3 

15.0 

1907 

Clover,  tons 

.65 

.81 

1.92 

2.56 

2.23 

1908 

Corn,  bu 

35.2 

35.6 

43.9 

42.9 

50.6 

1909 

Wheat,  bu 

4.6 

6.8 

9.6 

12.8 

11.3 

1910 

Clover  

Removed 

Turned 

Turned 

Turned 

Turned 

Value  of  j Lower  prices 

$45.91 

$51.92 

$82.26 

$85.79 

$92.63 

seven  crops  / Higher  prices.  . 

65.59 

74.17 

117.52 

122.55 

132.33 

Series  300 


Plot  No 

301 

302 

303 

304 

305 

1902 

Cowpeas 

Removed 

Turned 

Turned 

Turned 

Turned 

1903 

Wheat,  bu 

.4 

.6 

.7 

8.0 

11.0 

1904 

Corn,  bu 

30.5 

35.5 

49.1 

49.4 

44.7 

1905 

Cowpeas 

Removed 

Removed 

Removed 

Removed 

Removed 

1906 

Corn,  bu 

41.2 

40.6  . 

48.9 

40.9 

40.9 

1907 

Wheat,  bu 

4.3 

6.1 

13.0 

13.6 

15.6 

1908 

Cowpeas 

Removed 

Turned 

Turned 

Turned 

Turned 

1909 

Corn,  bu 

23.0 

24.9 

31.3 

32.6 

33.5 

1910 

Wheat,  bu 

3.1 

8.7 

13.7 

14.4 

14.6 

Value  of  j Lower  prices 

1 $38.60 

$46.13 

$64.43 

$68.21 

$70.52 

six  crops  ) Higher  prices 

55.15 

65.90 

92.05 

97.45 

100.75 

Average  of  ^ Lower  prices 

$37.22 

$43.54 

$65.65 

$ 71.33 

$ 78.59 

three  series  ) Higher  prices 

53.18 

62.20 

93.79 

101.90 

112.28 

Increase  over  l Lower  prices 

|$22.11 

$ 27.79 

$ 35.05 

Plot  2 

1 Higher  prices 

31.59 

39.70 

50.08 
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application  should  be  considered  as  an  investment  to  be  added  to  the  value  of 
the  land,  while  the  cost  of  subsequent  necessary  applications  should  be  calculated 
in  the  annual  expense. 

On  this  rolling  hill  land,  the  addition  of  $22.50  worth  of  steamed  bone  meal 
increased  the  crop  values  by  only  $5.68  in  nine  years,  at  the  lower  prices  used  for 
the  increase  in  yields;  and  the  further  addition  of  $22.50  in  potassium  sulfate 
produced  only  $7.26  increase.  Whether  a much  larger  use  of  organic  manures 
will  ultimately  increase  the  nitrogen  content  of  the  soil  to  a point  where  phos- 
phorus can  be  applied  with  profit  on  these  hill  lands,  which  are  subject  to  rather 
serious  surface  washing,  seems  somewhat  doubtful.  Considering  the  fact  that 
such  an  increase  in  decaying  organic  matter  will  largely  increase  the  liberation  of 
potassium  from  the  enormous  supply  contained  in  the  soil,  it  seems  even  more 
doubtful  if  the  addition  of  potassium  will  ever  be  advisable  in  permanent  systems 
of  general  farming. 

Both  the  pot  cultures  and  the  field  experiments  agree  in  showing  that  on 
the  yellow  silt  loam  of  worn  hill  land  nitrogen  is  by  far  the  most  limiting  ele- 
ment, and  that  this  can  be  secured  from  the  air  by  legume  crops  where  liberal 
use  is  made  of  ground  limestone  to  correct  the  acidity  of  the  soil.  The  limestone, 
of  course,  also  furnishes  the  element  calcium,  the  supply  of  which  in  this  soil  is 
much  less  than  the  supply  of  potassium,  while  the  combined  loss  by  leaching  and 
cropping  is  much  greater  with  calcium  than  with  potassium,  as  is  more  fully  ex- 
plained in  the  Appendix.  As  plant  food,  calcium  is  especially  important  for  such 
crops  as  clover.  (See  Table  A in  the  Appendix.) 

Results  from  Field  Experiments  at  Raleigh 

The  Raleigh  experiment  field,  in  Saline  county,  is  located  on  the  gently  undu- 
lating timber  land  (yellow-gray  silt  loam),  which  is  also  an  important  upland 
soil  type  in  Pike  county. 

Six  tons  per  acre  of  ground  limestone  were  applied  to  certain  plots  on  the 
Raleigh  field  in  the  fall  of  1909.  As  an  average  of  two  tests  each  year  with  wheat, 
corn,  oats,  and  hay  (cowpea  or  clover),  the  value  of  the  increase  per  acre  in  five 
years  (1910  to  1914)  was  $18.30  at  the  lower  prices  named  (see  page  9)  or 
$26.14  at  the  higher  prices;  and  the  limestone  applied  to  the  soil  is  sufficient  to 
last  for  more  than  ten  years.  These  data  strongly  support  those  from  the  Vienna 
field  in  showing  the  positive  value  and  need  of  limestone  for  these  acid  upland 
soils  in  the  very  beginning  of  improvement.  ( See  Tables  8 and  9,  pages  18  and 
19,  for  acidity  in  subsurface  and  subsoil.) 

The  work  at  Raleigh  has  bfeen  carried  on  for  only  five  years,  with  some  se- 
vere drouths,  and  the  organic  manures  thus  far  produced  and  returned  to  the 
soil  are  too  meager  to  produce  results  from  which  trustworthy  conclusions  can  be 
drawn  concerning  either  phosphorus  or  potassium.  The  first  step  in  the  upbuild- 
ing of  this  soil  is  the  liberal  use  of  limestone  in  connection  with  clover  or  other 
legume  crops  grown  in  rotation  with  corn  and  other  grains ; and  when  the  legume 
crops  or  farm  manures  are  available  to  plow  under  in  significant  amount,  then  is 
the  time  to  begin  the  application  of  phosphate,  to  be  turned  under  in  intimate 
contact  with  the  decaying  organic  matter.  Where  raw  phosphate  has  been  used 
in  this  way  on  very  similar  land  at  the  Ohio  Agricultural  Experiment  Station,. 
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as  an  average  of  duplicate  tests  on  three  different  series  of  plots  during  a period 
of  eighteen  years,  every  dollar  invested  in  raw  phosphate  paid  back  $7.88,  count- 
ing $7.50  per  ton  for  the  phosphate,  35  cents  a bushel  for  corn,  70  cents  for 
wheat,  and  $7  a ton  for  clover  hay ; while  in  a corresponding  experiment  every 
dollar  invested  in  acid  phosphate  (at  $15  per  ton)  paid  back  $3.97.  (See  Illinois 
Circulars  127,  130,  and  181  for.  more  details  of  these  valuable  Ohio  experiments.) 

Limestone  has  also  produced  marked  benefit  on  the  Ohio  soil,  which  is  nat- 
urally distinctly  acid. 

Results  of  Experiments  on  Antioch  Field 

On  the  Antioch  experiment  field,  on  the  yellow-gray  silt  loam  of  Lake  county, 
Illinois,  325  pounds  of  phosphorus,  in  2,600  pounds  of  steamed  bone  meal  applied 
at  the  rate  of  200  pounds  per  acre  a year,  produced  in  thirteen  years  (1902 
to  1914)  increases  of  corn,  oats,  wheat,  and  clover  aggregating  a value  of  $82.46 
per  acre  at  the  lower  prices,  or  $117.79  at  the  higher  prices,  mentioned  above. 
The  subsoil  of  this  type  in  Lake  county  contains  plenty  of  limestone ; otherwise 
it  is  very  similar  to  the  Pike  county  soil. 

Results  of  Experiments  on  Bloomington  Field 

Space  is  taken  to  insert  Tables  6 and  7,  giving  all  the  results  thus  far  ob- 
tained from  the  Bloomington  soil  experiment  field,  which  is  located  on  the  typical 
brown  silt  loam  prairie  soil  of  the  Illinois  corn  belt. 

It  should  be  stated  that  a draw  runs  near  Plot  110  on  the  Bloomington  field, 
that  the  crops  on  that  plot  are  sometimes  damaged  by  overflow  or  imperfect 
drainage,  and  that  Plot  101  occupies  the  lowest  ground  on  the  opposite  side  of 
the  field.  In  part  because  of  these  irregularities  and  in  part  because  only  one 
small  application  has  been  made,  no  conclusions  can  be  drawn  in  regard  to  lime. 
Otherwise  all  results  reported  in  Table  6 are  considered  reliable. 

Nitrogen  was  applied  to  this  field,  in  commercial  form  only,  from  1902  to 
1905 ; but  clover  was  grown  in  1906  and  1910,  and  a cover  crop  of  cowpeas  after 
the  clover  in  1906.  The  cowpeas  were  plowed  under  on  all  plots,  and  the  1910 
clover,  except  the  seed,  was  plowed  under  on  five  plots  (103,  106,  107,  109,  and 
110).  Straw  and  corn  stalks  have  been  returned  to  these  plots,  beginning  with 
1908.  The  effect  of  returning  these  residues  to  the  soil  has  been  appreciable  since 
1908  (an  average  increase  on  Plots  106  and  109  of  5.5  bushels  of  oats,  4.5  bush- 
els of  wheat,  and  5.4  bushels  of  corn)  and  probably  will  be  more  marked  on 
subsequent  crops.  Indeed,  the  large  crops  of  corn,  oats,  and  wheat  grown  on 
Plots  104  and  108  during  the  thirteen  years  have  drawn  their  nitrogen  very 
largely  from  the  natural  supply  in  the  organic  matter  of  the  soil.  The  roots 
and  stubble  of  clover  contain  no  more  nitrogen  than  the  entire  plant  takes  from 
the  soil  alone,  but  they  decay  rapidly  in  contact  with  the  soil  and  probably  hasten 
the  decomposition  of  the  soil  humus  and  the  consequent  liberation  of  the  soil 
nitrogen.  But  of  course  there  is  a limit  to  the  reserve  stock  of  humus  and  nitro- 
gen remaining  in  the  soil,  and  the  future  years  will  undoubtedly  witness  a gradu- 
ally increasing  difference  between  Plots  104  and  106,  and  between  Plots  108 
and  109,  in  the  yields  of  grain  crops. 

The  addition  of  the  element  phosphorus  has  produced  very  marked  increases, 


Table  6. — Crop  Yields  in  Soil  Experiments,  Bloomington  Field 
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Table  7. — Value  of  Crops  per  Acre  in  Thirteen  Years,  Bloomington  Field 


Plot 

Soil  treatment  applied 

Total 

thirtee: 

Lower 

prices 

ralue  of 
n crops 

Higher 

prices 

101 

102 

$186.83 

186.76 

$266.90 

266.80 

103 

104 

105 

Lime,  residues 

193.83 

286.61 

190.53 

276.90 

409.45 

272.19 

Lime,  phosphorus  

Lime,  potassium  

106 

107 

108 

Lime,  residues,  phosphorus 

285.03 

191.10 

294.91 

407.19 

273.00 

421.31 

Lime,  residues,  potassium  

Lime,  phosphorus,  potassium  

109 

110 

Lime,  residues,  phosphorus,  potassium 

Residues,  phosphorus,  potassium  

284.47 

259.10 

406.39 

370.15 

Value  of  Increase  per  Acre  in  Thirteen  Years 

For  rei 
For  ph 
For  re, 
For  pi i 
For  po 

sidues 

tosphorus  

$ 7.07 
99.85 
-1.58 
91.20 
-.56 

$ 10.10 
142.65 
-2.26 
130.29 
-.80 

sidues  and  phosphorus  over  phosphorus 

\osphorus  and  residues  over  residues 

tassium,  residues,  and  phosphorus  over  residues  and  phosphorus .... 

the  average  yearly  increase  being  worth  $7.68  an  acre.  This  is  $5.18  above  the 
cost  of  the  phosphorus  in  200  pounds  of  steamed  bone  meal,  the  form  in  which  it 
is  applied.  The  brown  silt  loam  of  Pike  county  is  even  more  deficient  in  phos- 
phorus than  is  that  of  McLean  county. 

From  the  soil  of  the  best  treated  plots  on  the  Bloomington  field,  180  pounds 
per  acre  of  phosphorus,  as  an  average,  has  been  removed  in  the  thirteen  crops. 
This  is  equal  to  15  percent  of  the  total  phosphorus  contained  in  the  surface  soil 
of  an  acre  of  the  untreated  land.  In  other  words,  if  such  crops  could  be  grown 
for  eighty  years,  they  would  require  as  much  phosphorus  as  the  total  supply  in 
the  ordinary  plowed  soil.  The  results  plainly  show,  however,  that  without  the 
addition  of  phosphorus  such  crops  cannot  be  grown  year  after  year.  Where  no 
phosphorus  has  been  applied,  the  crops  have  removed  only  120  pounds  of  phos- 
phorus in  the  thirteen  years,  which  is  equivalent  to  only  10  percent  of  the  total 
amount  (1,200  pounds)  that  was  present  in  the  surface  soil  at  the  beginning  of 
the  experiment  in  1902.  The  total  phosphorus  applied  from  1902  to  1914,  as  an 
average  of  all  plots  where  it  has  been  used,  has  amounted  to  325  pounds  per  acre 
and  has  cost  $32.50.  (This  is  based  on  $25  a ton  for  steamed  bone  meal,  but  in 
recent  years  the  price  has  been  advanced,  as  a rule,  to  nearly  $30. ) This  amount, 
$32.50,  has  paid  back  $97.20  (average  of  four  trials),  or  300  percent  on  the  in- 
vestment ; whereas  potassium,  used  in  the  same  number  of  tests  and  at  the  same 
cost,  has  paid  back  only  $2.20  per  acre  in  the  thirteen  years,  or  less  than  7 per- 
cent of  its  cost.  Are  not  these  results  to  be  expected  from  the  composition  of 
such  soil  and  the  requirements  of  crops?  (See  Table  2,  page  5,  and  also  Table 
A in  the  Appendix.) 

Results  of  Field  Experiments  at  Urbana 

On  the  University  North  Farm  at  Urbana  on  the  common  brown  silt  loam 
prairie,  where  a rotation  of  corn,  oats,  and  clover  was  practiced  for  nine  years 
(1902  to  1910),  followed  by  a combination  rotation  involving  corn,  oats,  clover, 
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Plate  3. — Clover  in  1913  on  Urban  a Field 
Farm  Manure  Applied 
Yield,  1.43  Tons  per  Acre 


wheat,  and  alfalfa, — phosphorus,  applied  at  the  yearly  rate  per  acre  of  25  pounds 
in  200  pounds  of  steamed  bone  meal,  or  of  75  pounds  in  600  pounds  of  rock 
phosphate,1  produced  average  increases  per  acre  per  annum  valued  at  $1.92  for 
the  first  three  years,  at  $4.67  for  the  next  three,  at  $5.12  for  the  third  three-year 
period,  and  at  $5.36  for  the  last  four  years  (1911-1914),  the  crops  being  valued 
at  the  “lower  prices. ” 

If  we  count  $28  a ton  for  bone  meal,  and  $7  for  rock  phosphate,  the  average 
annual  expense  per  acre  would  be  $2.80  for  the  first  six  years  and  $2.45  during 
the  last  seven  years. 

Thus,  as  an  average,  each  dollar  invested  in  phosphorus  paid  as  follows: 


Lower  Higher 

prices  prices 


First  rotation,  1902  to  1904 $ .69  $ .99 

Second  rotation,  1905  to  1907 1.67  2.39 

Third  rotation,  1908  to  1910 2.09  2.99 

Fourth  rotation,  1911  to  1914 2.19  3.13 


Potassium,  added  at  an  annual  cost  of  $2.50  per  acre  for  the  thirteen  years, 
produced  no  benefit.  In  fact  where  it  was  applied  the  crops  were  slightly  poorer, 


Phosphorus  was  applied  only  in  bone  meal  from  1902  to  1907,  after  which  rock  phosphate 
was  used  on  one  half,  and  bone  meal  on  the  other  half  of  the  plots  treated  with  phosphorus. 
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Plate  4. — Clover  in  1913  on  Urbana  Field 
Farm  Manure,  Limestone,  and  Phosphorus  Applied 
Yield,  2.90  Tons  per  Acre 


as  an  average,  than  where  none  was  applied,  the  net  loss  per  acre  per  annum 
averaging  $2.53,  including  the  cost  of  the  potassium. 

On  the  University  South  Farm  at  Urbana,  where  one  ton  per  acre  of  rock 
phosphate  is  applied  every  four  years  for  a rotation  of  corn,  oats,  clover,  and 
wheat,  grown  on  typical  brown  silt  loam  prairie,  applications  of  fine-ground  rock 
phosphate  have  paid  as  follows  in  the  value  of  the  increase  produced : 


Value  of  Increase  from  Rock  Phosphate  on  the  University  South  Farm  at  Urbana 


1 

Per  ton  of  phosphate 

Per  $1  invested 

Rotation 

Years 

Lower 

prices 

Higher 

prices 

Lower 

prices 

Higher 

prices 

First 

1903  to  1906 

$ 8.26 

$11.80 

$1.18 

$1.69 

Second 

1907  to  1910 

11.33 

16.19 

L62 

2.31 

Third 

1911  to  1914 

18.88 

26.97 

2.70 

3.85 

On  both  farms  at  the  University  organic  matter  is  provided,  either  in  farm 
manure  or  in  crop  residues  (clover,  straw,  and  corn  stalks  plowed  under)  . More 
complete  details  of  these  investigations  will  be  found  in  Soil  Report  No.  10 
(McLean  county),  which  will  be  sent,  if  requested,  to  those  who  may  have  special 
interest  in  the  brown  silt  loam  prairie  of  Pike  county. 
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Results  of  Field  Experiments  at  Galesburg 

On  the  University  of  Illinois  soil  experiment  field  near  Galesburg,  on  the 
line  between  Knox  and  Warren  counties,  fine- ground  rock  phosphate  is  applied 
at  the  rate  of  500  pounds  an  acre  a year  for  a six-year  rotation  of  corn,  corn,  oats, 
clover,  wheat,  and  clover,  on  brown  silt  loam  prairie  soil  of  the  upper  Illinois 
glaciation.  The  field  is  divided  into  three  different  series  of  plots,  and  each  series 
includes  five  different  tests  with  phosphate,  so  that  the  average  for  each  year  is 
based  upon  fifteen  trials.  The  results  thus  far  secured  are  summarized  as  follows : 

. Value  of  Increase  from  Rock  Phosphate  on  the  Galesburg  Experiment  Field 


VoQra  fTod 

Per  ton  of  phosphate  applied 

Icdlo  dvcldgvJu 

Lower  prices 

Higher  prices 

1904Amd  1905 

$3.53 

$ 5.04 

1906  to  1908 

7.73 

11.04 

1909  to  1911 

8.60 

.12.29 

1912  to  1914 

12.93 

18.49 

Altho  a part  of  the  Galesburg  field  occupies  a heavy  phase  of  brown  silt  loam, 
the  phosphate  nevertheless  more  than  paid  its  cost,  as  an  average,  after  the  first 
three  years,  while  the  results  of  the  later  years  show  returns  of  200  to  300  percent 
on  the  investment, — and  it  should  be  remembered  that  more  than  two-thirds 
of  the  phosphorus  applied  remains  in  the  soil  for  the  benefit  of  future  crops. 


Table  8. — Fertility  in  the  Soils  of  Pike  County,  Illinois 
Average  pounds  per  acre  in  4 million  pounds  of  subsurface  (about  6%  to  20  inches) 


Soil  1 

Total  | Total 

Total  1 

Total 

Total  Total  1 

Lime-  | Soil 

type 

Soil  type 

organic,  nitro- 

phos- 

potas- 

_L O l dl 

ma8ne'  calcium 

stone  'acidity 

No.  1 

carbon  ! gen 

phorus| 

sium 

sium 

present  (present 

Upland  Prairie  Soils 


526 

Brown  silt  loam 

69  200  1 

15  120 

1 760  | 73  800 

18  400 

13  880 

120 

520 

Black  clay  loam 

75  040 

5 320 

1 480  l 68  600 

21  080 

23  960 

280 

530 

Gray  silt  loam  on  tight 

clay  

28  160 

2 320 

1 120  I 69  040 

15  720 

17  800 

480 

52S 

Brown-gray  silt  loam  on 

tight  clay 

41  800 

2 880 

1 1 560  77  040 

15  960 

15  880 

120 

Upland  Timber  Soils 


534 

Yellow-gray  silt  loam.  . . 

28  190 

2 140 

1 370 

75  300 

16  340 

14  130 

1 170 

532 

Light  gray  silt  loam  on 

tight  clay 

20  160 

1 720 

1 560 

76  720 

16  320 

16  360  1 

560 

535 

Yellow  silt  loam 

14  650 

1 600 

1 560 

72  650 

18  920 

14  670 

2 840 

874 

Yellow-gray  fine  sandy 

loam  

23  080 

2 400 

1 400 

68  320 

9 920 

21  680 

120 

875 

Yellow  fine  sandy  loam 

| 17  020 

2 050 

|l  810 

77  570 

15  310 

14  920 

260 

Old  Bottom-Land  Soils 


1330  (Gray  silt  loam  on  tight 
clay 

28  640 

2 600 

1 300 

61  980 

9 960 

15  100 

660 

1354  (Mixed  loam 

50  020 

4 580 

2 480 

68  800 

11  960 

17  100 

260 

Swamp  and  Late  Bottom-Land  Soils 


1426  Deep  brown  silt  loam.  . 

59  730  j 

4 850 

2 130 

70  240 

13  090 

24  800 

80 

1426.2  Brown  silt  loam  on  sand 

33  980 

3 140 

1 780 

64  780 

19  380 

22  680 

200 

1415  Drab  clay  .'.... 

38  840 

3 700 

1 760 

65  ISO 

23  900 

26  400 

100 

1460  Brown  sandy  loam 

26  040 

2 350 

1 640 

54  450 

14  710 

20  000 

490 

1461  Mixed  sandy  loam.... 

38  920 

3 800 

2 520 

62  240 

16  680 

28  840 

160 

1480  River  sand 

6 480 

320 

960 

42  240 

7 240 

20  120 

40 
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Ultimately,  the  regular  application  (1  % tons  per  acre  for  each  six-year  rotation) 
will  be  reduced  to  perhaps  one-half  ton  each  six  years,  which  will  be  sufficient  to 
maintain  the  phosphorus  content  of  the  soil,  even  tho  such  crops  are  removed 
as  are  mentioned  in  Table  A of  the  Appendix.  For  more  complete  details  of 
experiments  on  the  Galesburg  field,  see  Soil  Report  No.  7 (McDonough  county), 
which  will  be  sent  upon  request. 

The  Subsurface  and  Subsoil 

In  Tables  8 and  9 are  recorded  the  amounts  of  plant  food  in  the  subsurface 
and  the  subsoil  of  the  different  types  of  soil  in  Pike  county,  but  it  should  be 
remembered  that  these  supplies  are  of  little  value  unless  the  top  soil  is  kept  rich. 
Probably  the  most  important  information  contained  in  these  tables  is  that  the 
most  common  upland  timber  soils  are  from  slightly  to  strongly  acid  in  the  sub- 
surface, and  usually  more  strongly  acid  in  the  subsoil.  This  fact  emphasizes  the 
importance  of  having  plenty  of  limestone  in  the  surface  soil  to  neutralize  the 
acid  moisture  which  rises  from  the  lower  strata  by  capillary  action  during  times 
of  partial  drouth,  which  are  critical  periods  in  the  life  of  such  plants  as  clover. 
While  the  common  brown  silt  loam  prairie  is  usually  slightly  acid,  the  upland 
timber  soils  are,  as  a rule,  more  distinctly  in  need  of  limestone,  and  as  shown  in 
Table  2,  they  are  also  more  deficient  in  organic  matter  and  nitrogen  than  the 
prairie  soils  and  therefore  more  in  need  of  growing  clover. 


Table  9. — Fertility  in  the  Soils  of  Pike  County,  Illinois 
Average  pounds  per  acre  in  6 million  pounds  of  subsoil  (about  20  to  40  inches) 


Soil 

Total  Total 

Total 

Total 

Total 

Total 

calcium 

Lime- 

Soil 

type 

No. 

Soil  type 

organic  nitro- 
carbon  gen 

phos- 

phorus 

potas- 

sium 

magne- 

sium 

stone 

present 

acidity 

present 

Upland  Prairie  Soils 


526 

Brown  silt  loam 

25  980 

3 300 

2 100 

109  800 

41  100 

23  160 

660 

520 

Black  clay  loam 

43  560 

3 480 

2 160 

104  100 

43  140 

34  020 

420 

530 

Gray  silt  loam  on  tight 

clay 

31  380 

3 120 

1 980 

103  620 

47  640 

31  020 

720 

528 

Brown-gray  silt  loam  on 

tight  clay 

38  940 

3 060 

2 520 

100  980 

43  380 

27  240 

2 280 

Upland  Timber  Soils 


534 

Yellow-gray  silt  loam . . . 

28  650 

2 480 

2 590 

110  490 

38  250 

21  880 

5 400 

532 

Light  gray  silt  loam  on 

tight  clay 

22  260 

2 280 

2 880 

107  460 

38  580 

24  540 

5 040 

535 

Yellow  silt  loam 

13  640 

1 920 

2 940 

110  640 

36  420 

24  460 

8 720 

874 

Yellow-gray  fine  sandy 

loam  

21  180 

2 580 

2 760 

99  240 

27  120 

35  880 

1 380 

875 

Yellow  fine  sandy  loam 

18  410 

2 600 

3 290 

113  240! 

41  970 

43  730 

’Seldom 

1 040 

Old 

Bottom-Land 

Soils 

1330 

Gray  silt  loam  on  tight 

1 

clay 

21  930 

2 460 

2 070 

88  440 

21  390 

22  560 

960 

1354 

Mixed  loam 

38  430 

2 820 

3 420 

101  520 | 

23  220 

33  480 

960 

Swamp  and  Late  Bottom-Land  Soils 


1426 

Deep  brown  silt  loam . . ; 

46  300 

3 820 

2 620 

104  740 

22  940 

33  160 

160 

1426.2 

Brown  silt  loam  on  sand 

32  640 

2 790 

2 760 

98  610 

29  190 

34  710 

600 

1415 

Drab  clay  

45  780 

3 960 

2 460 

99  450 

35  850 

41  670 

90 

1460 

Brown  sandy  loam 

15  880 

1 640 

2 020 

79  180 

17  960 

27  540 

420 

1461 

Mixed  sandy  loam.  . . . 

27  960 

2 400 

2 880 

87  000 

19  740 

41  460 

180 

1480 

River  sand 

21  840 

1 800 

1 740 

68  040 

12  660 

29  460 

240 
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INDIVIDUAL  SOIL  TYPES 
(a)  Upland  Prairie  Soils 

The  upland  prairie  soils  of  Pike  county  comprize  30.57  square  miles,  or  only 
3.8  percent  of  the  entire  area  of  the  county.  These  soils  occupy  rather  small 
and  irregular  areas,  chiefly  in  the  eastern  part  of  the  county  in  the  vicinity  of 
Milton,  Pittsfield,  Griggsville,  and  Perry,  tho  small  isolated  areas  occur  in  other 
sections. 

Owing  to  their  large  organic-matter  content  the  prairie  soils  are  usually  dark 
in  color.  This  accumulation  of  organic  matter  is  due  to  the  growth  of  prairie 
grasses,  the  roots  of  which  were  protected  from  complete  decay  by  the  imperfect 
aeration  afforded  by  the  covering  of  fine  soil  material  and  the  moisture  it  con- 
tained. From  a sample  of  “blue  stem”  virgin  sod  it  has  been  determined  that 
the  roots  in  an  acre  to  a depth  of  7 inches  amounted  to  tons.  On  the  native 
prairies,  the  tops  of  these  grasses  contributed  little  organic  matter,  as  they  were 
usually  burned  or  became  almost  completely  decayed. 

Brown  Silt  Loam  (526) 

Brown  silt  loam  is  one  of  the  best  upland  types  in  the  county,  but  it  is  not 
very  extensive,  covering  only  25.95  square  miles  (16,608  acres),  or  3.25  percent  of 
the  area  of  the  county.  This  type  is  sufficiently  rolling  for  fair  natural  surface 
drainage.  The  poorly  drained  areas  are  small,  altho  there  are  a few  exceptions, 
notably  near  Milton  and  Griggsville. 

The  surface  soil,  0 to  6%  inches,  is  a brown  silt  loam,  varying  from  a yellow- 
ish brown  on  the  more  rolling  areas  to  a dark  brown  or  almost  black  on  the  more 
nearly  level  and  poorly  drained  areas.  In  physical  composition  it  varies  to  some 
extent,  but  normally  contains  from  60  to  70  percent  of  the  different  grades  of 
silt,  with  from  20  to  25  percent  of  very  fine  sand,  and  from  8 to  12  percent  of 
clay.  The  amount  of  this  last  constituent  increases  as  the  type  approaches  black 
clay  loam  (520).  The  organic  matter  varies  from  3.5  to  4.8  percent,  but  aver- 
ages 3.5  percent,  or  35  tons  per  acre.  Where  this  type  passes  into  brown-gray 
silt  loam  on  tight  clay  (528)  or  yellow-gray  silt  loam  (534),  the  amount  of  or- 
ganic matter  becomes  lower. 

Some  of  the  brown  silt  loam  may  have  been  covered  by  recent  forest  growths, 
which,  however,  have  effected  very  little  or  no  change  in  the  soil.1  The  first  trees 
to  invade  the  prairie  are  the  black  walnut,  wild  cherry,  hackberry,  ash,  bur  oak, 
and  elm.  The  black-walnut  soil  is  generally  recognized  by  farmers  as  being  one 
of  the  best  timber  soils.  As  a rule,  it  was  prairie  until  recently  and  still  con- 
tains a large  amount  of  the  organic  matter  that  accumulated  from  the  prairie 
grasses. 

The  natural  subsurface  is  represented  by  a stratum  varying  from  5 to  12 
inches  in  thickness.  The  variation  is  due  to  changing  topography,  the  layer  be- 
ing thinner  on  the  more  rolling  areas  and  thicker  on  the  level.  In  physical 
composition  this  stratum  varies  the  same  as  the  surface  soil,  but  it  usually  con- 
tains a slightly  larger  amount  of  clay  and  a much  smaller  amount  of  organic 

irThe  effect  of  forest  trees  is  ultimately  to  reduce  the  organic  matter  and  change  the  brown 
prairie  soil  into  yellow-gray  silt  loam. 
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matter.  In  some  places  it  may  become  quite  heavy,  as  where  the  type  grades 
into  black  clay  loam  (520).  In  color  it  varies  from  a dark  brown  or  almost 
black  to  a light  brown  or  yellowish  brown;  as  a rule  it  becomes  lighter  with 
depth  and  passes  gradually  into  the  yellow  subsoil.  The  organic-matter  content 
averages  3.4  percent. 

The  natural  subsoil  begins  12  to  20  inches  beneath  the  surface  and  extends 
to  an  indefinite  depth,  but  is  sampled  to  40  inches.  It  varies  from  a yellow  to 
a drabbish  yellow  clayey  silt  or  silty  clay.  On  the  more  nearly  level  areas  it  is 
a mottled  drab  and  yellow,  while  on  the  rolling  areas,  where  better  drainage  has 
allowed  greater  oxidation  of  the  iron  to  take  place,  it  is  yellow  or  reddish  yellow. 
The  upper  part  of  the  stratum  usually  contains  more  clay  .than  the  lower  part. 
As  a whole  the  subsoil  is  pervious  to  water,  permitting  good  drainage,  but  where 
the  type  grades  toward  brown-gray  silt  loam  on  tight  clay  (528) , a phase  is  found 
that  is  rather  difficult  to  drain. 

While  this  type  is  in  fair  physical  condition,  the  continuous  cropping  to 
corn,  oats,  and  wheat  and  the  removal  of  the  crop  residues  is  destroying  the  tilth. 
This  condition  of  poor  tilth  may  become  serious  if  the  present  most  common 
systems  are  continued.  The  remedy  is  to  increase  the  organic-matter  content  by 
plowing  under  manure  or  crop  residues,  such  as  corn  stalks,  straw,  and  clover, 
instead  of  selling  them  from  the  farm  or  burning  them,  as  is  sometimes  prac- 
ticed. Where  corn  follows  corn,  the  stalks  should  be  thoroly  cut  up  with  a sharp 
disk  or  stalk  cutter  and  turned  under.  Likewise  the  straw  should  be  returned 
to  the  land  in  some  practical  way,  either  directly  or  as  manure.  Clover  should 
be  one  of  the  crops  grown  in  the  rotation,  and  it  should  be  plowed  under  either 
directly  or  as  manure,  instead  of  being  sold  as  hay,  except  when  manure  can  be 
brought  back. 

The  addition  of  fresh  organic  matter  is  not  only  of  great  value  in  improving 
the  physical  condition  of  this  type  of  soil,  but  it  is  of  even  greater  importance 
because  of  its  nitrogen  content  and  because  of  its  power,  as  it  decays,  to  liberate 
potassium  from  the  inexhaustible  supply  in  the  soil,  and  phosphorus  from  the 
phosphate  contained  in  or  applied  to  the  soil.  The  turning  under  of  crop  residues 
in  soil  improvement  increases  the  yield,  as  is  shown  by  the  results  from  the  Bloom- 
ington field  (page  14),  where  residues  turned  under  on  phosphorus  plots  (Nos. 
106  and  109)  gave  an  average  increase  of  6.7  bushels  of  oats  in  ]909,  4.5  bushels 
of  wheat  in  1911,  7.9  bushels  of  corn  in  1912,  3 bushels  of  corn  in  1913,  and  4.3 
bushels  of  oats  in  1914. 

For  permanent  profitable  systems  of  farming  on  brown  silt  loam,  phosphorus 
should  be  applied  liberally,  and  sufficient  organic  matter  should  be  provided  to 
furnish  the  necessary  amount  of  nitrogen.  On  the  ordinary  type,  limestone  is 
already  becoming  deficient.  An  application  of  two  tons  of  limestone  and  one- 
half  ton  of  fine-ground  rock  phosphate  per  acre  every  four  years,  with  the  return 
to  the  soil  of  all  manure  made  from  a rotation  of  corn,  corn,  oats,  and  clover, 
will  maintain  the  fertility  of  this  type,  altho  heavier  applications  of  phosphate 
may  well  be  made  during  the  first  two  or  three  rotations.  If  grain  farming  is 
practiced,  the  rotation  may  be  wheat,  corn,  oats,  and  clover,  with  an  extra  seed- 
ing of  clover  as  a cover  crop  in  the  wheat,  to  be  plowed  under  late  in  the  fall  or 
in  the  following  spring  for  corn ; and  most  of  the  crop  residues,  with  all  clover 
except  the  seed,  should  also  be  plowed  under.  In  either  system,  alfalfa  may  be 
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grown  on  a fifth  field  and  moved  every  five  years,  the  hay  being  fed  or  sold.  In 
live-stock  farming  the  regular  rotation  may  be  extended  to  five  or  six  years  by 
seeding  both  timothy  and  clover  with  the  oats,  and  pasturing  for  one  or  two 
years.  Alsike  and  sweet  clover  may  well  replace  red  clover  at  times,  in  order  to 
avoid  clover  sickness.  (For  results  of  field  experiments  on  the  brown  silt  loam 
prairie,  see  pages  13  to  19.) 

Black  Clay  Loam  (520) 

Black  clay  loam  in  Pike  county  occupies  the  naturally  poorly  drained  prairie 
land.  It  is  frequently  called  “gumbo,”  because  of  its  sticky  character.  Its 
formation  in  the  lower  places  is  due  to  the  more  rapid  accumulation  of  organic 
matter  and  to  the  washing  in  of  clay  and  fine  silt  from  the  higher  adjoining 
lands.  This  type  covers  only  70  acres.  It  occurs  in  several  small  patches  lo- 
cated in  areas  of  brown  silt  loam. 

The  surface  stratum,  0 to  6%  inches,  is  a black,  plastic,  granular  clay  loam 
with  an  average  organic-matter  content  of  4.4  percent,  or  44  tons  per  acre.  The 
more  luxuriant  growth  of  prairie  grasses  that  once  covered  this  black  clay  loam 
and  the  preservation  of  the  roots  by  the  moist  condition  of  the  soil  has  resulted 
in  a larger  amount  of  organic  matter  than  on  the  more  rolling  areas.  The  sur- 
face soil  is  naturally  quite  granular.  This  property  of  granulation  is  important 
to  all  soils,  but  especially  so  to  heavy  ones,  for  by  it  the  soil  is  kept  in  good  tilth, 
rendered  pervious  to  air  and  water,  and  made  easier  to  work.  If  the  granules 
are  destroyed  by  working  the  soil  when  it  is  wet,  it  becomes  puddled  and  very 
difficult  to  manage.  Granulation  will  be  restored  by  freezing  and  thawing  or  by 
moisture  changes  (wetting  and  drying).  These  natural  agencies  produce  “slak- 
ing,” as  the  process  is  usually  termed.  If,  however,  the  organic-matter  or  the 
lime  content  becomes  low,  this  tendency  to  granulate  grows  less  and  the  soil  be- 
comes more  difficult  to  work. 

The  subsurface  soil  is  10  to  15  inches  in  thickness.  It  differs  from  the  sur- 
face in  color,  becoming  lighter  with  depth,  the  lower  part  of  the  stratum  passing 
into  a drab  or  yellowish  silty  clay.  It  contains  more  clay  than  the  surface  but 
at  the  same  time  is  quite  pervious  to  water,  owing  to  the  jointing  or  checking 
produced  in  times  of  drouth.  The  amount  of  organic  matter  averages  6.4  percent. 

The  subsoil  is  usually  a drab  or  dull  yellow  silty  clay,  but  locally  it  may  be 
a yellow  clayey  silt  or  even  a silt.  As  a rule,  the  iron  is  not  highly  oxidized,  be- 
cause of  poor  drainage.  The  checking  or  jointing  in  the  subsoil  makes  it  readily 
permeable  to  water  and  consequently  easy  to  drain. 

Keeping  the  soil  in  good  physical  condition  is  very  essential  with  this  type  of 
soil.  The  greatest  help  toward  this  end  is  thoro  drainage,  which  is  the  first  re- 
quirement of  the  type.  As  a further  aid  organic  matter  should  be  increased  and 
lime  added,  for  the  organic  matter  present  is  naturally  destroyed  by  cultivation 
and  nitrification,  and  the  lime  is  removed  by  cropping  and  leaching,  so  that  the 
soil  becomes  poorer  in  physical  condition  and  consequently  more  difficult  to 
work.  Both  organic  matter  and  lime  tend  naturally  to  develop  a granular  con- 
dition, but  they  are  especially  effective  when  aided  by  careful  and  well-timed 
cultivation.  The  organic  matter  should  be  maintained  by  turning  under  manure, 
clover,  and  crop  residues,  such  as  corn  stalks  and  straw.  Too  often  crop  residues. 
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are  burned.  Straw  is  too  frequently  left  in  lots  until  the  larger  part  of  the  or- 
ganic matter  is  lost  by  fermentation  and  decay. 

While  black  clay  is  one  of  the  best  soils,  the  clay  and  humus  which  it  con- 
tains give  it  the  property  of  shrinkage  and  expansion  to  such  a degree  as  to  be 
somewhat  objectionable  at  times.  This  shrinkage  results  in  the  formation  of 
cracks,  which  break  the  roots  of  the  crops  and  allow  the  soil  strata  to  dry  out 
rapidly.  Good  tilth  with  a soil  mulch  will  go  far  toward  preventing  this. 

This  type  is  fairly  well  supplied  with  plant  food,  which  is  usually  liberated 
with  sufficient  rapidity  by  a good  rotation  and  by  the  addition  of  moderate 
amounts  of  organic  matter.  The  amount  of  organic  matter  added  must  be  in- 
creased, of  course,  with  continued  farming,  until  the  nitrogen  supplied  is  equal 
to  that  removed.  Altho  the  addition  of  phosphorus  is  not  expected  to  produce 
marked  profit,  it  is  likely  to  pay  its  cost  in  the  second  or  third  rotation,  and  even 
by  maintaining  the  productive  power  of  the  land,  the  capital  invested  is  pro- 
tected. 

At  Urbana,  on  the  South  Farm  of  the  University  of  Illinois,  a series  of  plots 
devoted  chiefly  to  variety  tests  and  other  crop-production  experiments  extends 
across  an  area  of  black  clay  loam.  Where  rock  phosphate  has  been  applied  at 
the  rate  of  500  pounds  an  acre  a year  in  connection  with  crop  residues  in  a four- 
year  rotation  of  wheat,  corn,  oats,  and  clover  (or  soybeans),  the  value  of  the 
increase  produced  per  ton  of  phosphate  applied,  in  three  successive  rotation  per- 
iods, has  been  $2.13,  $4.70,  and  $6.48,  respectively,  at  the  ‘ ‘lower  prices,”  or  $3.04, 
$6.71,  and  $9.26,  respectively,  at  the  “higher  prices”  for  produce.  In  the  live- 
stock system,  the  phosphorus  naturally  supplied  in  the  manure,  supplemented 
by  that  liberated  from  this  fertile  soil,  has  thus  far  been  nearly  sufficient  to  meet 
the  crop  requirements,  the  increase  in  crop  values  per  ton  of  phosphate  applied 
having  been,  as  an  average  for  the  twelve  years,  only  $2.26  at  the  “lower  prices,  ” 
or  $3.26  at  the  “higher  prices”  for  produce.  These  returns  are  less  than  half 
the  cost  of  the  phosphorus  applied,  and  some  seasons  no  benefit  appears. 

However,  the  black  clay  loam  in  the  Illinois  glaciation  contains  less  phos- 
phorus than  that  in  the  Wisconsin  glaciation,  and  consequently  more  marked 
benefits  from  the  addition  of  that  element  are  to  be  expected  in  Pike  county  than 
at  Urbana.  This  type  is  rich  in  magnesium  and  calcium,  but  usually  it  does  not 
contain  carbonates.  With  continued  cropping  and  leaching,  applications  of  lime- 
stone will  ultimately  be  needed,  and  may  be  found  profitable  very  soon. 

Brown-Gray  Silt  Loam  on  Tight  Clay  (528) 

Brown-gray  silt  loam  on  tight  clay  occurs  in  isolated  areas  closely  related 
to  brown  silt  loam.  It  comprizes  3.69  square  miles  (2,362  acres),  or  .46  percent 
of  the  total  area  of  the  county.  Some  of  this  type  may  have  been  timbered ; it 
usually  occurs  on  the  edge  of  the  timbered  areas  and  between  these  and  the 
brown  silt  loam  (526). 

The  surface  soil,  0 to  6%  inches,  is  a brown  or  grayish  brown,  pulverulent 
silt  loam  containing  some  fine  sand  and  coarse  silt,  which  give  it  a very  desirable 
texture.  The  organic-matter  content  varies  somewhat  according  to  the  relation 
of  the  type  to  other  types,  being  greater  as  it  grades  toward  brown  silt  loam 
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(526)  and  less  where  it  grades  toward  yellow-gray  silt  loam  (534).  The  average 
is  about  2.6  percent,  or  26  tons  per  acre. 

The  subsurface  is  represented  by  a stratum  8 to  11  inches  thick.  In  color- 
it  varies  from  a brown  to  a grayish  brown  or  gray,  the  upper  part  of  the  stratum 
usually  being  brown  and  the  lower  part  gray  or  a grayish  brown.  It  differs  from 
the  surface  stratum  principally  in  the  amount  of  organic  matter  it  contains, 
which  is  1.9  percent. 

The  natural  subsoil  consists  of  a stratum  of  rather  tight  clay,  beginning. 
16  to  18  inches  beneath  the  surface  and  varying  in  thickness  from  10  to  20  inches. 
The  tight  clay  is  usually  underlain  by  a pervious  silt. 

This  type  occupies  rather  flat  areas  and  needs  drainage  in  some  cases.  Be- 
cause of  the  nearly  impervious  nature  of  the  subsoil,  it  is  somewhat  more  difficult 
to  drain  than  the  brown  silt  loam  (526).  Care  should  be  taken  to  increase  the 
amount  of  organic  matter  by  the  proper  rotation  of  crops,  by  turning  under 
crop  residues,  and  by  the  application  of  farm  manure.  Deep-rooting  crops,  such 
as  red,  mammoth,  or  sweet  clover,  should  be  grown  in  order  to  loosen  up  in  a 
measure  the  tight  clay  subsoil  and  promote  drainage  and  aeration. 

From  Table  2 it  will  be  seen  that  the  surface  soil  contains  only  2,240  pounds 
of  nitrogen  and  860  pounds  of  phosphorus  per  acre.  To  increase  these  amounts, 
liberal  applications  of  fine-ground  rock  phosphate  should  be  made  in  connection 
with  decaying  organic  matter,  as  on  the  brown  silt  loam.  This  soil  is  distinctly 
acid  in  surface,  subsurface,  and  subsoil.  Limestone  should  be  applied  at  the 
rate  of  2 to  3 tons  per  acre  every  four  to  six  years.  The  initial  application  may 
well  be  1 ton  of  phosphate  and  4 tons  of  limestone. 

Gray  Silt  Loam  on  Tight  Clay  (530) 

Gray  silt  loam  on  tight  clay  occurs  in  a few  small  areas  near  Milton.  It 
covers  a total  of  525  acres,  or  .1  percent  of  the  area  of  the  county.  The  topogra- 
phy is  level  to  slightly  undulating,  with  a few  narrow  and  shallow  erosion  chan- 
nels. 

The  surface  soil  is  a light  chocolate  brown,  mottled  with  darker  iron  stains. 
The  amount  of  organic  matter  is  1.9  percent. 

The  subsurface  consists  of  a brownish  gray  to  gray  silt  loam,  varying  from 
10  to  15  inches  in  thickness. 

The  subsoil  consists  of  a tight  clay  extending  from  18  to  20  inches  below 
the  surface  to  a depth  of  30  to  34  inches.  In  some  places  it  becomes  quite  com- 
pact, but  it  is  always  a clay  and  never  of  a stony  nature.  The  type  varies  a 
great  deal  both  in  color  and  in  the  tightness  of  the  subsoil. 

In  the  management  of  this  type  one  of  the  most  important  points  is  the 
maintaining  or  the  increasing  of  the  organic-matter  content.  The  growth  of 
deep-rooting  crops,  such  as  red,  mammoth,  or  sweet  clover,  is  very  necessary, 
and  in  other  respects,  also,  the  soil  should  have  the  same  treatment  as  the  brown- 
gray  silt  loam  on  tight  clay  (528). 

(b)  Upland  Timber  Soils 

The  upland  timber  soils  are  distinguished  from  the  prairie  soils  primarily 
by  their  lower  content  of  organic  matter.  The  roots  of  prairie  grasses  have  been 
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responsible  for  the  large  amount  in  the  prairie,  but  in  the  upland  forests  there 
is  found  no  such  quantity  of  roots.  The  vegetable  material  of  forested  areas  con- 
sists of  leaves  and  twigs  which  fall  upon  the  surface  and  are  either  burned  by 
forest  fires  or  undergo  almost  complete  decay,  with  very  little  chance  to  become 
mixed  with  the  soil. 

The  invasion  of  the  prairies  by  forests  has  been  a slow  process,  while  the 
changing  of  the  soil  by  the  growth  of  trees  has  been  a much  slower  one.  As  a 
result  of  forestation,  however,  the  organic-matter  content  of  the  upland  prairie 
soils  has  been  lowered  until  characteristic  timber  soils  have  been  produced.  The 
continuous  growth  of  forests  for  long  periods  of  time  on  level  areas  not  subjected 
to  erosion  has  produced  soils  of  low  productiveness,  due  largely  to  the  extremely 
low  content  of  organic  matter. 

Yellow-Gray  Silt  Loam  (534) 

The  yellow-gray  silt  loam  of  Pike  county  covers  99.65  square  miles  (63,776* 
acres),  or  12.48  percent  of  the  entire  county.  In  topography  it  is  sufficiently 
rolling  for  good  surface  drainage,  without  much  tendency  to  erode  if  proper 
care  is  taken.  The  largest  areas  of  the  type  occur  in  the  vicinity  of  Milton. 
Pittsfield,  Griggsville,  and  Tempest.  Innumerable  small  areas  occupying  the 
somewhat  level  tops  of  ridges  are  widely  distributed  over  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a gray  to  yellowish  gray  silt  loam,  co- 
herent and  mealy,  but  not  granular.  In  physical  composition  it  consists  of  15* 
to  25  percent  of  fine  sand,  6 to  10  percent  of  clay,  and  65  to  70  percent  or  more 
of  different  grades  of  silt.  A large  amount  of  fine  sand  and  coarse  silt  gives  it  a 
vely  desirable  texture.  The  amount  of  organic  matter  contained  in  it  varies 
normally  from  1.7  to  2.9  percent,  with  an  average  of  2.2  percent,  or  22  tons  per 
acre.  It  also  varies  with  the  relation  of  the  type  to  other  types,  diminishing  as 
yellow  silt  loam  (535)  and  light  gray  silt  loam  on  tight  clay  (532)  are  approached, 
and  increasing  as  the  type  grades  into  brown  silt  loam  (526)  and  brown-gray^ 
silt  loam  on  tight  clay  (528). 

The  subsurface  stratum  varies  from  3 to  10  inches  in  thickness,  being  thin- 
nest on  the  more  undulating  and  rolling  areas.  In  color  it  is  a gray,  grayish 
yellow,  or  yellow  silt  loam,  somewhat  pulverulent,  but  becoming  more  coherent 
and  plastic  with  depth.  It  contains  1.2  percent  of  organic  matter.  The  stratum 
becomes  a lighter  gray  as  the  type  grades  into  the  light  gray  silt  loam  on  tight 
clay  (532). 

The  subsoil  is  a yellow  or  grayish  yellow  clayey  silt  or  silty  clay,  pervious 
to  water,  somewhat  plastic  when  wet  but  friable  when  only  moist.  The  lower 
part  of  the  stratum  frequently  consists  of  a pervious  mealy  silt. 

In  the  management  of  yellow-gray  silt  loam,  one  of  the  most  essential  points 
is  the  maintaining  or  the  increasing  of  the  organic  matter.  This  is  necessary  in 
order  to  supply  nitrogen  and  liberate  mineral  plant  food,  to  give  better  tilth, 
to  prevent  “ running  together,  and,  on  some  of  the  more  rolling  phases,  to 
prevent  washing.  Definite  rotations  should  be  followed,  and  crop  residues,  as 
well  as  legumes,  should  be  turned  under  to  provide  organic  matter.  Mammoth 
clover  and  sweet  clover  are  probably  the  most  desirable  legumes  to  turn  under, 
because  of  the  greater  amount  of  material  they  furnish.  Another  essential  is 
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that  the  acidity  of  the  soil  be  neutralized  by  the  application  of  ground  lime- 
stone, so  that  clovers,  alfalfa,  and  other  legumes  may  be  grown  successfully. 
Phosphorus  should  be  applied  liberally  with  the  increase  of  decaying  organic 
matter.  (Some  field  experiments  on  this  general  type  of  soil  in  the  lower  Illi- 
nois and  late  Wisconsin  glaciations  are  reported  on  pages  12  to  15.) 

Yellow  Silt  Loam  (535) 

In  area,  yellow  silt  loam  exceeds  all  other  types,  covering  255  square  miles 
(163,206  acres),  or  31.92  percent  of  the  county.  It  occurs  as  the  hilly  and  badly 
eroded  land.  In  topography  it  is  very  rolling  and  in  most  places  so  badly  broken 
that  it  should  not  be  cultivated,  because  of  the  danger  of  injury  from  washing. 

The  surface  soil,  0 to  6%  inches,  is  a yellow,  yellowish  gray,  brownish  yel- 
low, or  light  brown  silt  loam,  pulverulent  and  mealy.  It  varies  a great  deal, 
owing  to  recent  washing.  In  some  places  the.  natural  subsoil  is  exposed  as  ‘ * clay 
points.”  The  organic-matter  content  is  about  1.7  percent. 

The  natural  subsurface  varies  in  thickness  from  0 to  12  inches,  the  variation 
being  due  to  the  removal  by  erosion  of  all  or  part  of  this  stratum  as  well  as  the 
surface.  It  consists  of  a yellow  to  a grayish  yellow  silt  loam  and  contains  .7 
percent  of  organic  matter.  , 

The  subsoil  is  a compact,  yellow,  clayey  silt,  varying  in  some  places  to  a 
mealy  silt  mixed  with  a considerable  percentage  of  fine  sand. 

In  the  management  of  yellow  silt  loam,  the  most  important  thing  is  to  pre- 
vent general  surface  washing  and  gullying.  Nothing  will  completely  ruin  land 
more  quickly  than  erosion,  especially  gullying.  In  a single  season,  or  even  by  a 
single  rain,  gullies  may  be  produced  that  cannot  be  crossed  with  ordinary  farm 
implements,  and  unless  these  gullies  are  promptly  looked  after,  the  land  soon 
becomes  worthless.  Sheet  washing  does  not  ruin  land  so  rapidly,  but  it  causes 
the  loss  of  the  best  soil  and  a consequent  depreciation  in  productiveness  that  re- 
sults in  even  greater  loss  than  from  gullying.  Hence,  every  means  should  be 
employed  to  decrease  the  amount  of  surface  run-off  and  to  reduce  to  a minimum 
its  destructive  effect  when  it  does  occur.  The  injury  resulting  from  run-off 
depends  upon  the  velocity  of  the  water.  With  the  doubling  of  the  velocity,  the 
wearing,  or  abrading,  power  of  the  water  is  quadrupled,  while  its  power  to  carry 
material  varies  as  the  sixth  power  of  the  velocity — which  means  that  if  the 
velocity  is  doubled,  the  carrying  power  will  be  increased  sixty-four  times.  It  then 
becomes  necessary  either  that  the  soil  be  so  firmly  held  by  vegetation  or  that  the 
velocity  be  so  diminished  that  little  injury  can  take  place. 

Certain  practices  may  be  followed  on  these  rolling  lands  to  prevent  exces- 
sive losses  by  erosion: 

(1)  Cover  crops  should  be  kept  on  the  land  as  much  of  the  time  as  possible, 
in  order  to  hold  the  soil.  Blue  grass,  or  any  covering  of  that  kind,  is  of  material 
assistance  for  this  purpose.  Rye,  cowpeas,  and  clover  may  be  used  in  com  after 
it  is  laid  by,  for  holding  the  soil  during  the  winter  and  spring. 

(2)  The  organic-matter  content  should  be  increased,  for  it  makes  the  soil 
porous  and  gives  it  greater  absorbing  power,  and  also  binds  or  cements  the  soil 
particles  together  so  that  they  will  not  be  carried  off  so  readily. 

(3)  All  operations  on  this  land  should  be  done  as  nearly  as  possible  on  the 
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contour.  Plowing,  planting,  and  cultivating  should  be  done  across  the  slope  and 
not  up  and  down,  for  a dead  furrow  up  and  down  the  slope  is  an  excellent  be- 
ginning for  a gully.  The  plowing  should  be  deep,  so  as  to  present  a thick  layer 
cf  loose  soil  for  the  absorption  of  water.  Ten  inches  of  loose  soil  will  readily 
absorb  two  inches  of  rainfall.  Incipient  gullies  should  be  stopped  at  once.  For 
further  suggestions  in  preventing  washing,  see  Circular  119,  “ Washing  of  Soils 
and  Methods  of  Prevention.” 

Additional  treatment  recommended  for  this  yellow  silt  loam  is  the  liberal 
use  of  limestone  wherever  cropping  is  practiced.  This  type  is  quite  acid  and 
very  deficient  in  nitrogen;  and  the  limestone,  by  correcting  the  acidity  of  the 
soil,  is  especially  beneficial  to  the  clover  grown  to  increase  the  supply  of  nitrogen. 

As  a rule,  it  is  not  advisable  to  try  to  enrich  this  type  of  soil  in  phosphorus, 
for,  with  the  erosion  that  is  sure  to  occur  to  some  extent,  the  phosphorus  supply 
will  be  renewed  from  the  subsoil. 

Probably  the  best  legumes  for  this  type  of  soil  are  sweet  clover  and  alfalfa. 
On  soil  deficient  in  organic  matter,  sweet  clover  grows  better  than  almost  any 
other  legume,  and  the  fact  that  it  is  a very  deep-rooting  plant  makes  it  of  value 
in  increasing  organic  matter  and  preventing  washing.  Worthless  slopes  that 
have  been  ruined  by  washing  may  be  made  profitable  as  pasture  by  growing 
sweet  clover.  The  blue  grass  of  pastures  may  well  be  supplemented  by  sweet 
clover  and  alfalfa  and  a larger  growth  obtained,  because  the  legumes  provide 
the  necessary  nitrogen  for  the  blue  grass. 

To  get  alfalfa  well  started  requires  the  liberal  use  of  limestone,  thoro  in- 
oculation with  nitrogen-fixing  bacteria,  and  a moderate  application  of  farm 
manure.  If  manure  is  not  available,  it  is  well  to  apply  about  500  pounds  per 
acre  of  acid  phosphate  or  steamed  bone  meal,  mix  it  with  the  soil,  by  disking  if 
possible,  and  then  plow  it  under.  The  limestone  (about  5 tons)  should  be  applied 
after  plowing  and  should  be  mixed  with  the  surface  soil  in  the  preparation  of 
the  seed  bed.  The  special  purpose  of  this  treatment  is  to  give  the  alfalfa  a 
quick  start  in  order  that  it  may  grow  rapidly  and  thus  protect  the  soil  from 
washing.  (For  results  of  pot-culture  and  field  experiments  on  yellow  silt  loam, 
see  pages  7 to  12.) 

Light  Gray  Silt  Loam  on  Tight  Clay  (532) 

Light  gray  silt  loam  on  tight  clay  occurs  in  many  small  isolated  areas  oc- 
cupying very  flat  tops  of  ridges.  The  largest  area  is  found  in  Section  7,  Town- 
ship 3 South,  Range  3 West.  The  total  area  is  1.54  square  miles  (986  acres), 
comprizing  .19  percent  of  the  area  of  the  county.  The  topography  is  very  flat, 
and  the  land  has  poor  drainage,  altho  it  is  not  swampy.  It  was  formerly  covered 
with  hickory,  white  oak,  and  blackjack. 

The  surface  soil,  0 to  6%  inches,  is  a white  or  very  light  gray  silt  loam, 
incoherent,  friable,  and  porous.  Small  rounded  iron  concretions  varying  in  size 
from  a mustard  seed  to  a pea  are  usually  present.  The  organic-matter  content 
is  low,  averaging  only  1.9  percent,  or  19  pounds  per  acre.  This  stratum  varies 
somewhat  with  the  relation  of  the  type  to  other  types;  it  is  always  surrounded 
by  yellow-gray  silt  loam  (534)  or  yellow  silt  loam  (535),  and  where  it  grades 
into  yellow-gray  silt  loam  it  possesses  a larger  organic-matter  content. 
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The  subsurface  is  a light  gray  silt  loam,  extending  16  to  18  inches  below  the 
surface.  With  depth  it  becomes  more  clayey  and  contains  a perceptible  amount 
of  iron  concretions.  The  organic-matter  content  is  very  low,  being  only  .8  percent. 

The  subsoil  is  a tight,  compact,  clayey  silt  or  silty  clay  of  a drab  or  dull 
yellowish  color,  becoming  slightly  more  porous  and  yellow  with  depth.  This 
clay  stratum  is  nearly  impervious,  both  to  air  and  to  water. 

Besides  being  very  low  in  organic  matter,  this  type  of  soil  contains  no  lime- 
stone and  consequently  is  in  poor  physical  condition.  It  runs  together  badly 
and  does  not  retain  moisture  well,  owing  to  the  strong  capillarity  in  the  surface 
and  the  subsurface  strata  caused  by  lack  of  organic  matter. 

In  the  management  of  this  type,  ground  limestone  should  be  used  liberally 
and  rock  phosphate  should  be  added  with  organic  matter,  the  supply  of  which 
should  be  increased  in  every  practical  way.  All  crop  residues  should  be  turned 
under  directly  or  in  manure,  and  deep-rooting  crops,  such  as  red,  mammoth,  or 
sweet  clover,  should  be  sown.  These  tend  to  loosen  the  tight  clay  subsoil,  as 
well  as  supply  the  top  soil  (surface  and  subsurface  strata)  with  organic  matter 
and  nitrogen.  Where  this  type  is  not  well  drained,  alsike  will  grow  better  than 
red  clover.  All  available  farm  manure  should  be  put  on  the  land  as  soon  as 
possible  after  being  produced.  Pasturing  is  one  of  the  best  uses  that  can  be 
made  of  this  land,  and  even  when  used  for  this  purpose  it  may  well  be  liberally 
supplied  with  limestone,  organic  matter,  and  phosphorus  before  being  seeded 
down. 

Yellow-Gray  Fine  Sandy  Loam  (874) 

Yellow-gray  fine  sandy  loam  constitutes  the  less  rolling  land  of  the  deep 
loess  areas  (designated  by  800)  and  is  confined  to  a belt  from  3 to  6 miles  wide 
over  the  uplands  near  the  Mississippi  valley,  and  from  1 to  3 miles  wide  ad- 
joining the  valley  of  the  Illinois  river.  The  origin  of  the  loess  from  which  this 
type  of  soil  was  formed  is  discussed  on  page  2. 

The  amount  and  coarseness  of  sand  present  varies  with  the  distance  of  the 
type  from  the  bluff — the  greater  the  distance,  the  finer  the  material.  The  total 
area  comprizes  27.66  square  miles  (17,702  acres),  or  3.46  percent  of  the  area  of 
the  county.  The  topography  is  sufficiently  rolling  for  good  surface  drainage. 
Care  must  be  taken,  however,  to  prevent  erosion.  Gullies  sometimes  form  in  the 
more  rolling  areas  Avhich  eat  back  into  the  level  areas  by  what  is  called  head 
erosion.  In  some  parts  of  the  county,  especially  near  the  east  side,  the  loess  is 
underlain  by  a deep  stratum  of  incoherent  sand,  which  is  easily  washed  out, 
undermining  the  soil  and  causing  it  to  cave  in ; in  this  way  the  gully  works  its 
way  back  into  the  less  rolling  upland. 

The  surface  soil,  0 to  6%  inches,  is  a yellowish  gray  to  yellow,  fine  sandy 
loam,  incoherent  and  mealy,  but  not  granular.  It  contains  from  50  to  60  percent 
of  very  fine  sand,  with  a considerable  proportion  of  coarse  silt.  It  has  an  ideal 
texture.  The  average  amount  of  organic  matter  is  2.2  percent,  or  22  tons  per 
acre.  This  varies  somewhat  with  the  relation  of  the  type  to  other  types,  being  less 
as  it  approaches  yellow  silt  loam  (535)  and  yellow  fine  sandy  loam  (875),  one 
or  both  of  which  always  surround  it. 

The  subsurface  stratum  varies  from  4 to  10  inches  in  thickness.  In  color  it 
is  yellow.  In  physical  composition  it  differs  very  little  from  the  surface  soil, 
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except  in  the  amount  of  organic  matter  it  contains,  which  is  only  1 percent. 

The  subsoil  is  a yellow  clayey  silt  or  silty  clay,  somewhat  plastic  when  wet, 
passing  into  a fine  sandy  silt  at  a depth  varying  from  30  to  36  inches  from  the 
surface. 

This  type  in  all  its  strata  is  very  pervious  to  water ; and  this  condition,  to- 
gether with  its  undulating  character,  gives  excellent  drainage.  Another  fact  of 
significance  is  the  great  capillary  power  which  it  possesses.  It  retains  moisture 
well  and  brings  it  up  from  a considerable  distance  beneath  the  surface.  In  a tube 
filled  with  this  type  of  soil,  water  rose  to  a height  of  about  10  feet.  The  pervious 
character  enables  the  roots  of  plants  to  distribute  themselves  much  more  com- 
pletely than  in  most  soils. 

In  the  management  of  yellow-gray  fine  sandy  loam,  the  most  essential  thing 
is  the  maintaining  or  the  increasing  of  the  organic  matter.  This  is  necessary 
in  order  to  supply  nitrogen  and  liberate  mineral  plant  food,  as  well  as  to  give 
better  tilth,  to  prevent  “running  together,”  to  increase  the  power  of  the  soil 
for  retaining  moisture,  and,  on  some  of  the  more  rolling  phases,  to  prevent  wash- 
ing. A systematic  rotation  should  be  practiced  in  which  legumes  are  grown 
every  two  or  three  years,  primarily  for  soil  improvement.  The  legumes  and 
crop  residues  should  be  turned  under  either  directly  or  in  manure. 

This  type  contains  no  carbonates,  but  is  slightly  acid,  and  the  acidity  in- 
creases with  depth,  being  very  appreciable  in  the  subsoil.  While  the  supply  of 
phosphorus  in  the  surface  soil  is  not  large,  the  porosity  of  the  soil  and  subsoil 
affords  such  an  extensive  feeding  range  for  plant  roots  that  the  addition  of 
phosphorus  is  not  a matter  of  first  importance,  altho  its  use  will  probably  be 
profitable  after  the  organic  matter  and  nitrogen  have  been  sufficiently  increased. 
The  type  is  rich  in  potassium,  but  with  much  of  this  locked  up  in  sand  grains 
there  is  still  greater  need  of  more  decaying  organic  matter  in  order  to  liberate  it. 

With  liberal  use  of  ground  limestone,  this  type  becomes  one  of  the  best  soils 
in  the  state  for  the  production  of  alfalfa.  The  Union  Grove  experiment  field, 
in  Whiteside  county,  is  located  on  a very  similar  soil  type,  tho  because  it  contains 
in  the  surface  somewhat  less  sand  and  more  organic  matter,  it  is  classed  as  brown 
silt  loam  over  sand.  In  1914  this  field  produced  4.1  tons  per  acre  of  well-cured 
alfalfa  hay  where  4 tons  per  acre  of  ground  limestone  had  been  applied.  As  an 
average  of  the  results  for  four  years  (1911  to  1914),  the  yield  of  corn  was  in- 
creased 13  bushels  per  acre  by  crop  residues  and  16.5  bushels  by  farm  manure, 
both  materials  having  been  applied  during  the  previous  rotation  in  proportion 
to  what  could  be  easily  produced  from  the  crops  grown  on  the  same  land.  Phos- 
phorus further  increased  the  yield  only  4.6  bushels.  In  1914  the  yield  of  corn 
was  increased  from  40.8  bushels  to  64.7  by  crop  residues,  and  to  67.2  by  farm 
manure.  When  phosphate  was  added,  the  yields  rose  to  71.5  bushels  with  crop 
residues,  and  to  74.3  with  farm  manure,  limestone  having  been  applied  in  all 
cases  mentioned.  The  effect  of  limestone  is  reported  as  very  marked  on  the  1915 
clover  crop. 

Yellow  Fine  Sandy  Loam  (875) 

Yellow  fine  sandy  loam  occurs  in  the  deep  loess  belt  (800)  and  occupies  the 
hilly  and  very  rolling  land  which  is  so  badly  broken  that  it  should  be  cultivated 
only  with  the  utmost  care  because  of  the  danger  of  injury  from  washing.  The 
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area  is  quite  large,  covering  one-half  as  much  of  the  county  as  the  yellow  silt 
loam  (535).  It  comprizes  126.77  square  miles  (81,133  acres),  . or  15.87  percent 
of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  is  a yellow  fine  sandy  loam,  pulverulent, 
and  of  excellent  texture.  It  varies  a great  deal  because  of  recent  washing;  in 
some  places,  the  natural  subsoil  is  exposed.  The  organic-matter  content  varies 
from  1.2  to  2 percent,  with  an  average  of  1.6  percent,  or  16  tons  per  acre.  The 
content  of  fine  sand  varies  from  40  to  60  percent. 

The  natural  subsurface  varies  in  thickness  from  0 to  12  inches,  the  variation 
being  due  to  the  removal  of  all  or  part  of  this  stratum  as  well  as  the  surface. 
The  organic-matter  content  varies,  but  averages  .7  percent. 

The  subsoil  varies  widely  in  its  composition.  In  some  areas  it  is  a compact, 
yellow,  clayey  silt,  while  in  others  it  is  made  up  entirely  of  a mealy,  silty,  fine 
sand  containing  large  amounts  of  carbonate  of  lime.  This  latter  is  the  un- 
weathered loess  and  forms  the  subsoil  because  of  the  removal  of  the  upper  strata. 
The  common  subsoil  is  almost  ideal  in  texture. 

In  the  management  of  this  type,  the  prevention  of  general  surface  washing 
and  gullying  is  the  most  important  point.  If  the  land  is  cropped  at  all,  a rotation 
should  be  practiced  that  will  require  a cultivated  crop  as  little  as  possible  and 
allow  pasture  and  meadow  most  of  the  time.  In  general  the  methods  of  manage- 
ment and  improvement  should  be  the  same  as  for  yellow  silt  loam.  See  pages 
6 and  26,  and  Circular  119,  “Washing  of  Soils  and  Methods  of  Prevention. 9 9 

(c)  Old  Bottom-Land  Soils 

In  the  valleys  of  the  streams  of  the  older  glaciations  some  parts  of  the  flood 
plains  of  the  larger  streams  bear  distinct  evidence  of  being  an  older  deposit, 
while  the  small  bottom  lands  are,  without  much  doubt,  of  this  character.  This 
old  soil  is  found  in  the  flood  plains  of  both  the  Mississippi  and  Illinois  rivers 
and  of  some  of  the  smaller  streams.  It  is  designated  by  the  number  1300. 

Gray  Silt  Loam  on  Tight  Clay  (1330) 

Gray  silt  loam  on  tight  clay  occupies  24.17  square  miles  (15,469  acres),  or 
3.03  percent  of  the  entire  county.  It  is  found  in  both  the  Mississippi  and  the 
Illinois  bottoms.  In  topography  it  is  flat,  and  by  inspection  of  the  map  it  will 
be  seen  that  much  of  it  is  covered  at  times  by  overflows  from  the  streams  draining" 
the  upland.  It  is  commonly  spoken  of  as  “ash”  or  “white  ash”  soil. 

The  surface  soil,  0 to  6%  inches,  consists  of  a gray  to  a light  brown  silt 
loam  and  contains  from  2 to  3.5  percent  of  organic  matter,  with  an  average  of  a 
little  less  than  3 percent,  or  about  30  tons  per  acre.  In  physical  composition  it 
is  a quite  uniform  silt  loam  with  a considerable  proportion  of  fine  sand,  which 
gives  it  a mealy  texture. 

The  subsurface  soil  is  a gray  to  dark  gray  silt  loam,  with  an  organic-matter 
content  averaging  about  1.2  percent. 

The  subsoil  is  usually  a gray  silt,  with  a compact,  grayish  yellow,  silt  or 
silty-clay  layer  that  acts  as  a tight  clay,  retarding  percolation. 

Altho  the  topography  of  this  type  is  quite  flat,  there  are  some  small  de- 
pressions in  which  under  ordinary  conditions  in  the  Mississippi  bottom  one  would 
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expect  the  soil  to  be  quite  heavy  and  to  contain  drab  clay  or  clay  loam,  but  in 
these  depressions  the  type  has  a dark  surface  and  immediately  under  it  a very 
light  gray  subsurface.  The  color  of  all  the  strata  varies  with  the  amount  of 
organic  matter  present,  but  the  surface  shows  the  greatest  variation.  As 
brown  silt  loam  is  approached,  the  color  of  the  surface  and  subsurface  becomes 
darker,  while  that  of  the  subsoil  becomes  more  of  a yellow  or  drab,  somewhat 
similar  to  brown  silt  loam.  Small  round  concretions  are  found  in  all  the  strata. 
While  the  topography  of  the  type  is  not  objectionable,  the  character  of  the  sub- 
surface and  the  subsoil  renders  it  almost  impervious  to  water  and  air,  and  hence 
it  is  a cold  and  somewhat  poorly  drained  type. 

In  the  management  of  this  type,  one  of  the  first  requirements  is  organic 
matter.  This  constituent  is  needed  to  give  life  to  the  soil, — or  in  other  words, 
to  stimulate  bacterial  action  in  order  to  increase  moisture  retention  in  times  of 
drouth,  and  to  increase  porosity  so  that  better  aeration  may  take  place.  To 
increase  the  amount  of  nitrogen,  all  crop  residues  should  be  turned  back  into 
the  soil  and  clover  grown.  In  order  to  grow  legumes  successfully,  it  will  be 
necessary  to  apply  two  or  three  tons  of  limestone  per  acre,  as  the  soil  is  decidedly 
ncid.  Phosphorus  is  also  needed  for  the  maintaining  and  increasing  of  pro- 
ductive power. 

Mixed  Loam  (1354) 

Mixed  loam  is  a mixture  of  types  varying  from  sand  to  clay  loam,  forming 
the  bottom  land  of  the  small  streams.  The  areas  are  so  small  and  irregular  and 
the  changes  during  floods  so  frequent  that  it  is  not  practical  to  attempt  to  show 
the  separate  types;  hence  the  name  mixed  loam  is  applied.  This  type  covers 
40.2  square  miles  (25,728  acres),  or  5.03  percent  of  the  area  of  the  county. 

The  surface  soil,  0 to  6%  inches,  contains,  on  an  average,  about  2.6  percent 
of  organic  matter,  or  26  tons  per  acre.  The  subsurface  varies  fully  as  much  as 
the  surface,  while  the  subsoil  oftener  passes  into  a sandy  loam  or  a sand. 

It  is  extremely  difficult  to  do  anything  in  the  way  of  soil  improvement  with 
this  type,  but  it  is  always  a good  plan  to  keep  it  supplied  with  organic  matter. 
This  can  be  done  on  these  bottom  lands  easier  than  on  the  upland,  because  the 
soil  of  the  bottom  lands  is  in  condition  to  grow  soil-renovating  crops  to  better 
advantage.  Where  the  land  is  protected  from  overflow,  limestone  may  be  used 
to  advantage,  but  the  porous  subsoil  is  likely  to  render  the  use  of  phosphorus 
unprofitable. 

(d)  Swamp  and  Late  Bottom-Land  Soils 

The  swamp  and  late  bottom-land  soils  have  been  formed  in  comparatively 
recent  times  and  constitute  the  most  fertile  parts  of  the  flood  plains.  They  cover 
a total  area  of  175.9  square  miles,  or  22  percent  of  the  total  area  of  the  county. 
Where  not  protected  by  levees,  they  are  still  receiving  deposits  at  times  of  over- 
flow. 

Beep  Brown  Silt  Loam  (1426) 

Deep  brown  silt  loam  comprizes  65.2  square  miles  (41,728  acres),  or  8.16 
percent  of  the  entire  area  of  the  county.  It  is  formed  primarily  from  material 
washed  from  the  nearby  upland,  both  by  the  ordinary  streams  and  by  occasional 
torrential  rains  which  produce  general  erosion.  The  streams  occupy  compara- 
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tively  narrow  valleys  on  the  upland,  but  when  they  leave  these  valleys  and  enter 
the  broad  bottom  lands  of  the  Mississippi  or  Illinois  rivers,  they  spread  out,  de- 
positing in  immense  alluvial  fans  the  loads  they  have  carried.  The  streams  thus 
build  up  their  shores  above  the  general  level,  then  break  over  and  form  new  chan- 
nels and  make  new  deposits.  By  this  means,  Pigeon,  Craney,  Hadley,  Kiser, 
Dutch,  Six  Mile,  and  Bay  creeks  have  built  up  large  areas  of  alluvial  material 
that  now  forms  excellent  soil.  The  chief  objection  to  this  soil  is  that  these  streams 
break  into  the  cultivated  areas  and  form  new  channels. 

The  surface  soil,  0 to  6%  inches,  consists  of  a brown  silt  loam  containing 
from  25  to  35  percent  of  fine  sand.  The  color  depends  somewhat  upon  the  age 
of  the  deposit.  Where  the  material  has  been  deposited  for  some  time,  and  vege- 
tation allowed  to  grow,  the  organic  matter  has  developed  in  sufficient  amount 
to  give  the  soil  a deep  brown  color,  whereas  in  the  case  of  very  recent  deposits 
the  soil  is  a light  brown  or  even  a yellow.  Ten  or  fifteen  years  is  sufficient  to 
change  the  color  very  decidedly,  and  if  overflow  is  prevented  for  that  length 
of  time,  the  soil  is  changed,  by  the  organic  matter  produced,  into  a light-colored 
brown  silt  loam.  The  average  amount  of  organic  matter  is  3.5  percent,  or  35- 
tons  per  acre. 

The  subsurface  soil  consists  of  a brown  or  yellow  fine  sandy  silt  loam,  the 
color  again  depending  upon  the  age  of  the  deposit.  The  amount  of  organic- 
matter  is  2.6  percent. 

The  subsoil,  as  a rule,  does  not  differ  very  materially  from  the  surface  and 
the  subsurface  except  in  color,  being  as  a general  rule  lighter  than  these  two 
strata.  However,  where  a rather  shallow  deposit  of  this  type  has  been  made- 
over  another  type,  the  other  type  sometimes  forms  part  of  the  subsoil.  In  these- 
shallow  alluvial  deposits  there  may  be  a subsoil  of  gray  silt  loam,  drab  clay,  or 
brown  silt  loam,  according  to  the  type  that  has  been  covered. 

Deep  brown  silt  loam  is  one  of  the  most  fertile  soils  in  the  county,  and  from 
the  point  of  texture  it  is  all  that  could  be  desired,  especially  in  the  darker  areas. 
The  sediment  that  is  brought  down  from  the  upland  may  be  acid,  or  if  from 
deep  gullies  it  may  contain  some  limestone.  As  an  average,  however,  the  type- 
is  practically  neutral  and  not  markedly  in  need  of  limestone.  Its  porosity  al- 
lows a sufficient  liberation  of  phosphorus  for  good  crops,  altho  where  overflow 
does  not  occur,  both  limestone  and  phosphorus  will  ultimately  need  to  be  sup- 
plied. In  the  management  of  this  type,  is  it  well  to  maintain  the  supply  of; 
organic  matter  by  plowing  under  legumes,  crop  residues,  or  farm  manure. 

Brown  Silt  Loam  on  Sand  (1426.2) 

Brown  silt  loam  on  sand  covers  46.5  square  miles  (29,773  acres),  or  5.82*. 
percent  of  the  area  of  the  county.  It  generally  occurs  along  the  bayous  and 
sloughs  about  halfway  between  the  bluff  and  the  river.  The  principal  stream 
in  this  area  is  known  as  the  Sny,  but  there  are  large  numbers  of  small  lakes  and 
bayous  that  divide  the  bottom  land  into  irregular  areas,  many  of  which  are- 
islands. 

The  surface  soil  is  a brown  silt  loam.  It  varies,  however,  with  the  wavy  or 
undulating  character  of  the  surface,  being  slightly  sandy  on  the  tops  of  the 
ridges,  but  somewhat  heavy  in  the  depressions  between  them.  It  contains  3.2: 
percent  of  organic  matter. 
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The  subsurface  is  a brown  loam,  becoming  more  sandy  with  depth. 

The  subsoil  is  a brown  to  yellowish  sandy  loam,  passing  into  a sand  at  a 
variable  depth  of  20  to  40  inches,  the  sand  being  hearer  the  surface  on  the  ridges 
than  in  the  depressions.  The  organic-matter  content  is  1.5  percent. 

This  type  is  very  pervious,  permitting  ready  percolation  of  water  and  air. 
With  drainage  and  good  tillage,  together  with  the  incorporation  of  organic 
matter,  very  good  crops  may  be  produced.  However,  since  overflow  is  being  pre- 
vented, the  use  of  limestone  may  soon  be  necessary  in  the  best  system  of  soil 
improvement. 

Drab  Clay  (1415) 

Drab  clay  covers  38.12  square  miles  (24,397  acres),  or  4.77  percent  of  the 
area  of  the  county.  This  type  occupies  the  lower,  back-water  areas,  where  the 
finest  material  in  suspension  has  settled.  Much  of  the  older  deposit  has  without 
doubt  been  covered  by  more  recent  and  lighter  deposits. 

The  surface  soil,  0 to  6%  inches,  is  a drab  to  dark  drab,  almost  black,  granu- 
lar plastic  clay,  containing  3.4  percent  of  organic  matter.  Locally  it  contains 
large  amounts  of  sand,  but  these  areas  are  too  irregular  to  be  considered.  The 
subsurface  varies  from  a dark  drab  to  a bluish  drab  clay.  The  subsoil  differs 
but  little  from  the  lower  subsurface,  but  sometimes  rests  upon  sand  within  40 
inches  of  the  surface.  There  is  no  doubt  that  sand  underlies  all  of  this  type,  but 
it  is  usually  at  considerable  depth. 

All  of  the  strata  of  the  drab-clay  type  in  this  county  are  pervious  to  water, 
owing  to  the  checking  or  jointing  produced  by  shrinkage  and  the  action  of  cray- 
fish and  other  animals  which  produce  openings  down  to  the  sand  and  gravel 
underneath.  The  property  of  shrinkage  is  very  highly  developed  and,  in  times 
of  severe  drouth,  results  in  the  formation  of  large  cracks,  which  injure  the  crops 
by  severing  the  roots.  These  cracks  attain  a width  of  2 to  4 inches  and  extend 
to  a depth  sometimes  of  2 y2  feet.  The  surface  soil  is  granular,  a characteristic 
that  is  produced  by  the  property  of  shrinkage  around  many  centers. 

The  soil  is  difficult  to  work  because  it  puddles  when  too  wet  and  is  cloddy 
when  too  dry.  The  danger  is  increased  by  a low  organic-matter  content.  In 
either  case  the  natural  agencies,  such  as  freezing  and  thawing  and  wetting  and 
drying,  will  ultimately  restore  good  tilth. 

The  first  requirement  of  this  soil  .is  thoro  drainage.  This  aids  in  the  pro- 
duction of  good  tilth,  since  a saturated  condition  tends  to  puddle  not  only  this 
but  most  other  types  of  soil.  Deep-rooting  crops  will  be  of  benefit  in  aiding 
aeration  and  percolation  of  water,  and  further  improvement  will  result  from 
additions  of  limestone  and  organic  matter. 

Brown  Bandy  Loam  (1460) 

Brown  sandy  loam  occupies  17.29  square  miles  (11,066  acres),  or  2.17  per- 
cent of  the  county.  It  is  found  only  in  the  bottom  land  of  the  Mississippi,  where 
it  occupies  the  higher  parts. 

The  surface  soil,  0 to  6%  inches,  is  a brown  sandy  loam,  the  sand  varying 
in  coarseness  as  well  as  in  amount.  On  some  of  the  higher  parts  the  wind  has 
evidently  been  a factor  in  increasing  the  amount,  and  here  the  content  becomes 
so  great  that  many  small  areas  are  mapped  as  sand. 
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The  subsurface  soil  consists  of  a brown  sandy  loam,  becoming  somewhat  more 
sandy  with  depth.  At  a depth  of  12  to  18  inches  the  subsurface  passes  into  the 
subsoil,  the  line  being  indicated  'by  a change  in  color  more  than  in  texture.  The 
amount  of  sand  increases  with  depth  until,  30  to  40  inches  from  the  surface,  it 
becomes  a pure  sand. 

This  type  varies  with  its  relation  to  other  types.  It  is  frequently  surrounded 
by  drab  clay,  usually  with  a belt  of  heavy  sandy  , loam  or  sandy  clay  between 
the  two.  Where  it  grades  into  brown  silt  loam  on  sand  (1426.2),  the  separation 
is  more  difficult  to  determine,  since  topography  lends  little  or  no  assistance  in 
this  case.  Many  small  areas  of  sandy  loam  that  are  not  large  enough  to  map 
occur  on  the  shores  of  bayous.  These  areas  usually  consist  of  ridges  from  4 to 
10  rods  wide,  and  in  many  cases  they  are  quite  sandy.  They  are  probably  the 
result  of  wind  and  wave  action.  Altho  usually  a dark  brown  in  color,  the  type 
in  some  cases  is  a light  brown.  It  is  deficient  in  organic  matter. 

Liberal  use  of  limestone  and  legume  crops,  to  be  turned  under  directly  or 
in  manure,  will  result  in  marked  improvement.  No  other  applications  are  likely 
to  prove  profitable. 

Mixed  Sandy  Loam  (1461) 

Mixed  sandy  loam  occupies  8.48  square  miles  (5,427  acres),  and  comprizes 
1 percent  of  the  area  of  the  county.  It  lies  almost  entirely  outside  the  levee,  and 
for  this  reason  is  not  of  great  importance,  because  of  the  danger  froiq  overflow. 

The  type  varies  from  a clay  to  an  almost  pure  sand,  but  the  larger  part  is 
sandy  loam.  In  Township  6 South,  Range  6 West,  an  area  of  approximately  a 
half-section  lies  within  the  levee,  and  near  East  Hannibal  is  a similar  area.  This 
type  is  almost  entirely  covered  with  timber. 

Liver  Sand  (1480) 

River  sand  comprizes  an  area  of  .30  square  miles  (192  acres).  Its  presence  is 
due  in  every  case  to  breaks  in  the  levee  and  the  consequent  deposition  of  con- 
siderable amounts  of  sand,  burying  other  types.  Two  areas  occur,  one  in  Section 
16,  Township  5 South,  Range  7 WTest,  and  the  other  in  Section  18,  Township  7 
South,  Range  5 West.  In  places,  this  type  may  well  be  used  for  truck  crops  if 
heavily  fertilized  with  farm  manure. 
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APPENDIX 


A study  of  the  soil  map  and  the  tabular  statements  concerning  crop  require- 
ments, the  plant-food  content  of  the  different  soil  types,  and  the  actual  results 
secured  from  definite  field  trials  with  different  methods  or  systems  of  soil  im- 
provement, and  a careful  study  of  the  discussion  of  general  principles  and  of 
the  descriptions  of  individual  soil  types,  will  furnish  the  most  necessary  and  use- 
ful information  for  the  practical  improvement  and  permanent  preservation  of 
the  productive  power  of  every  kind  of  soil  on  every  farm  in  the  county. 

More  complete  information  concerning  the  most  extensive  and  important  soil 
types  in  the  great  soil  areas  in  all  parts  of  Illinois  is  contained  in  Bulletin  123, 
4 'The  Fertility  in  Illinois  Soils,’ ’ which  contains  a colored  general  soil-survey 
map  of  the  entire  state. 


Other  publications  of  general  interest  are : 

Bulletin  No.  76,  “Alfalfa  on  Illinois  Soils’ ’ 

94,  “Nitrogen  Bacteria  and  Legumes” 

115,  “Soil  Improvement  for  the  Worn  Hill  Lands  of  Illinois 


Bulletin  No. 
Bulletin  No. 
Bulletin  No. 


125, 


“Thirty  Years  of  Crop  Rotation  on  the  Common  Prairie  Lands  of 
Illinois  ’ ’ 

1 1 Physical  Improvement  of  Soils  ’ ’ 

“Ground  Limestone  for  Acid  Soils” 

“Shall  We  Use  Natural  Rock  Phosphate  or  Manufactured  Acid  Phos- 
phate for  the  Permanent  Improvement  of  Illinois  Soils?” 

‘ 1 The  Use  of  Commercial  Fertilizers  ’ ’ 

1 1 Results  of  Scientific  Soil  Treatment  ’ ’ and  ‘ 1 Methods  and  Results  of 
Ten  Years’  Soil  Investigation  in  Illinois” 

“Shall  We  Use  ‘Complete’  Commercial  Fertilizers  in  the  Corn  Belt?” 
“The  Illinois  System  of  Permanent  Fertility” 

Note. — Information  as  to  where  to  obtain  limestone,  phosphate,  bone  meal,  and  potas- 
sium salts,  methods  of  application,  etc.,  will  also  be  found  in  Circulars  110  and  165. 


Circular  No. 
Circular  No. 
Circular  No. 

Circular  No. 
Circular  No. 

Circular  No. 
Circular  No. 


82, 

110, 

127, 

129, 

149, 

165, 

167, 


Soil  Survey  Methods 

The  detail  soil  survey  of  a county  consists  essentially  of  ascertaining,  and 
indicating  on  a map,  the  location  and  extent  of  the  different  soil  types;  and, 
since  the  value  of  the  survey  depends  upon  its  accuracy,  every  reasonable  means 
is  employed  to  make  it  trustworthy.  To  accomplish  this  object  three  things  are 
essential:  first,  careful,  well-trained  men  to  do  the  work;  second,  an  accurate 
base  map  upon  which  to  show  the  results  of  the  work;  and,  third,  the  means 
necessary  to  enable  the  men  to  place  the  soil-type  boundaries,  streams,  etc., 
accurately  upon  the  map. 

The  men  selected  for  the  work  must  be  able  to  keep  their  location  exactly 
and  to  recognize  the  different  soil  types,  with  their  principal  variations  and  lim- 
its, and  they  must  show  these  upon  the  maps  correctly.  A definite  system  is 
employed  in  checking  up  this  work.  As  an  illustration,  one  soil  expert  will  sur- 
vey and  map  a strip  80  rods  or  160  rods  wide  and  any  convenient  length,  while 
his  associate  will  work  independently  on  another  strip  adjoining  this  area,  and, 
if  the  work  is  correctly  done,  the  soil  type,  boundaries  must  match  up  on  the 
line  between  the  two  strips. 

An  accurate  base  map  for  field  use  is  absolutely  necessary  for  soil  mapping. 
The  base  maps  are  made  on  a-  scale  of  one  inch  to  the  mile.  The  official  data 
of  the  original  or  subsequent  land  survey  are  used  as  a basis  in  the  construc- 
tion of  these  maps,  while  the  most  trustworthy  county  map  available  is  used  in 
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locating  temporarily  the  streams,  roads,  and  railroads.  Since  the  best  of  these 
published  maps  have  some  inaccuracies,  the  location  of  every  road,  stream,  and 
railroad  must  be  verified  by  the  soil  surveyors,  and  corrected  if  wrongly  located. 
In  order  to  make  these  verifications  and  corrections,  each  survey  party  is  pro- 
vided with  an  odometer  for  measuring  distances,  and  a plane  table  for  deter- 
mining directions  of  angling  roads,  railroads,  etc. 

Each  surveyor  is  provided  with  a base  map  of  the  proper  scale,  which  is 
carried  with  him  in  the  field ; and  the  soil-type  boundaries,  ditches,  streams,  and 
necessary  corrections  are  placed  in  their  proper  locations  upon  the  map  while 
the  mapper  is  on  the  area.  Each  section,  or  square  mile,  is  divided  into  40-acre 
plots  on  the  map,  and  the  surveyor  must  inspect  every  ten  acres  and  determine 
the  type  or  types  of  soil  composing  it.  The  different  types  are  indicated  on  the 
map  by  different  colors,  pencils  for  this  purpose  being  carried  in  the  field. 

A small  auger  40  inches  long  forms  for  each  man  an  invaluable  tool  with 
which  he  can  quickly  secure  samples  of  the  different  strata  for  inspection.  An 
extension  for  making  the  auger  80  inches  long  is  carried  by  each  party,  so  that 
any  peculiarity  of  the  deeper  subsoil  layers  may  be  studied.  Each  man  carries 
a compass  to  aid  in  keeping  directions.  Distances  along  roads  are  measured  by 
an  odometer  attached  to  the  axle  of  the  vehicle,  while  -distances  in  the  field  off 
the  roads  are  determined  by  pacing,  an  art  in  which  the  men  become  expert  by 
practice.  The  soil  boundaries  can  thus  be  located  with  as  high  a degree  of  ac- 
curacy as  can  be  indicated  by  pencil  on  the  scale  of  one  inch  to  the  mile. 


The  unit  in  the  soil  survey  is  the  soil  type,  and  each  type  possesses  more  or 
less  definite  characteristics.  The  line  of  separation  between  adjoining  types  is 
usually  distinct,  but  sometimes  one  type  grades  into  another  so  gradually  that 
it  is  very  difficult  to  draw  the  line  between  them.  In  such  exceptional  cases, 
some  slight  variation  in  the  location  of  soil-type  boundaries  is  unavoidable. 

Several  factors  must  be  taken  into  account  in  establishing  soil  types.  These 
are  (1)  the  geological  origin  of  the  soil,  whether  residual,  glacial,  loessial,  al- 
luvial, colluvial,  or  cumulose;  (2)  the  topography,  or  lay  of  the  land;  (3)  the 
native  vegetation,  as  forest  or  prairie  grasses;  (4)  the  structure,  or  the  depth 
and  character  of  the  surface,  subsurface,  and  subsoil;  (5)  the  physical,  or  me- 
chanical, composition  of  the  different  strata  composing  the  soil,  as  the  percent- 
ages of  gravel,  sand,  silt,  clay,  and  organic  matter  which  they  contain;  (6)  the 
texture,  or  porosity,  granulation,  friability,  plasticity,  etc.;  (7)  the  color  of  the 
strata;  (8)  the  natural  drainage;  (9)  the  agricultural  value,  based  upon  its 
natural  productiveness;  (10)  the  ultimate  chemical  composition  and  reaction. 

The  common  soil  constituents  are  indicated  in  the  following  outline : 


Soil  Characteristics 


Soil 

constituents 


Organic 

matter 


Inorganic 

matter 


001  mm.  to  .03  mm. 
. .03  mm.  to  1.  mm. 
. . . 1.  mm.  to  32  mm. 

. . . 32.  mm.  and  over 


partially  decayed 


001  mm.1  and  less 


Further  discussion  of  these  constituents  is  given  in  Circular  82. 


1 25  millimeters  equal  1 inch. 


1915 ] 


Pike  County 


37 


Groups  of  Soil  Types 

The  following  gives  the  different  general  groups  of  soils: 

Peats — Consisting  of  35  percent  or  more  of  organic  matter,  sometimes  mixed 
with  more  or  less  sand  or  silt. 

Peaty  loams — 15  to  35  percent  of  organic  matter  mixed  with  much  sand. 
Some  silt  and  a little  clay  may  be  present. 

Mucks — 15  to  35  percent  of  partly  decomposed  organic  matter  mixed  with 
much  clay  and  silt. 

Clays — Soils  with  more  than  25  percent  of  clay,  usually  mixed  with  much 

silt. 

Clay  loams — Soils  with  from  15  to  25  percent  of  clay,  usually  mixed  with 
much  silt  and  some  sand. 

Silt  loams — Soils  with  more  than  50  percent  of  silt  and  less  than  15  percent 
of  clay,  mixed  with  some  sand. 

Loams — Soils  with  from  30  to  50  percent  of  sand  mixed  with  much  silt  and 
a little  clay. 

Sandy  loams — Soils  with  from  50  to  75  percent  of  sand. 

Fine  sandy  loams — Soils  with  from  50  to  75  percent  of  fine  sand  mixed  with 
much  silt  and  little  clay. 

Sands — Soils  with  more  than  75  percent  of  sand. 

Gravelly  loams — Soils  with  25  to  50  percent  of  gravel  with  much  sand  and 
some  silt. 

Gravels — Soils  with  more  than  50  percent  of  gravel  and  much  sand. 

Stony  loams — Soils  containing  a considerable  number  of  stones  over  one  inch 
in  diameter. 

Rock  outcrop — Usually  ledges  of  rock  having  no  direct  agricultural  value* 

More  or  less  organic  matter  is  found  in  all  the  above  groups. 

Supply  and  Liberation  of  Plant  Food 

The  productive  capacity  of  land  in  humid  sections  depends  almost  wholly 
upon  the  power  of  the  soil  to  feed  the  crop ; and  this,  in  turn,  depends  both 
upon  the  stock  of  plant  food  contained  in  the  soil  and  upon  the  rate  at  which 
it  is  liberated,  or  rendered  soluble  and  available  for  use  in  plant  growth. 
Protection  from  weeds,  insects,  and  fungous  diseases,  tho  exceedingly  important, 
is  not  a positive  but  a negative  factor  in  crop  production. 

The  chemical  analysis  of  the  soil  gives  the  invoice  of  fertility  actually  pres- 
ent in  the  soil  strata  sampled  and  analyzed,  but  the  rate  of  liberation  is  gov- 
erned by  many  factors,  some  of  which  may  be  controlled  by  the  farmer,  while 
others  are  largely  beyond  his  control.  Chief  among  the  important  controllable 
factors  which  influence  the  liberation  of  plant  food  are  limestone  and  decaying 
organic  matter,  which  may  be  added  to  the  soil  by  direct  application  of  ground 
limestone  and  farm  manure.  Organic  matter  may  be  supplied  also  by  green- 
manure  crops  and  crop  residues,  such  as  clover,  cowpeas,  straw,  and  corn  stalks. 
The  rate  of  decay  of  organic  matter  depends  largely  upon  its  age  and  origin* 
and  it  may  be  hastened  by  tillage.  The  chemical  analysis  shows  correctly  the 
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total  organic  carbon,  which  represents,  as  a rule,  but  little  more  than  half  the 
organic  matter;  so  that  20,000  pounds  of  organic  carbon  in  the  plowed  soil  of 
an  acre  correspond  to  nearly  20  tons  of  organic  matter.  But  this  organic  mat- 
ter consists  largely  of  the  old  organic  residues  that  have  accumulated  during  the 
past  centuries  because  they  were  resistant  to  decay,  and  2 tons  of  clover  or 
cowpeas  plowed  under  may  have  greater  power  to  liberate  plant  food  than  the 
20  tons  of  old,  inactive  organic  matter.  The  recent  history  of  the  individual 
farm  or  field  must  be  depended  upon  for  information  concerning  recent  addi- 
tions of  active  organic  matter,  whether  in  applications  of  farm  manure,  in 
legume  crops,  or  in  grass-root  sods  of  old  pastures. 

Probably  no  agricultural  fact  is  more  generally  known  by  farmers  and  land- 
owners  than  that  soils  differ  in  productive  power.  Even  tho  plowed  alike  and 
at  the  same  time,  prepared  the  same  way,  planted  the  same  day  with  the  same 
kind  of  seed,  and  cultivated  alike,  watered  by  the  same  rains  and  warmed  by 
the  same  sun,  nevertheless  the  best  acre  may  produce  twice  as  large  a crop  as 
the  poorest  acre  on  the  same  farm,  if  not,  indeed,  in  the  same  field;  and  the 
fact  should  be  repeated  and  emphasized  that  with  the  normal  rainfall  of  Illi- 
nois the  productive  power  of  the  land  depends  primarily  upon  the  stock  of  plant 
food  contained  in  the  soil  and  upon  the  rate  at  which  it  is  liberated,  just  as 
the  success  of  the  merchant  depends  primarily  upon  his  stock  of  goods  and  the 
rapidity  of  sales.  In  both  cases  the  stock  of  any  commodity  must  be  increased 
or  renewed  whenever  the  supply  of  such  commodity  becomes  so  depleted  as  to 
limit  the  success  of  the  business,  whether  on  the  farm  or  in  the  store. 

As  the  organic  matter  decays,  certain  decomposition  products  are  formed, 
including  much  carbonic  acid,  some  nitric  acid,  and  various  organic  acids,  and 
these  have  power  to  act  upon  the  soil  and  dissolve  the  essential  mineral  plant 
foods,  thus  furnishing  soluble  phosphates,  nitrates,  and  other  salts  of  potassium, 
magnesium,  calcium,  etc.,  for  the  use  of  the  growing  crop. 

As  already  explained,  fresh  organic  matter  decomposes  much  more  rapidly 
than  old  humus,  which  represents  the  organic  residues  most  resistant  to  decay 
and  which  consequently  has  accumulated  in  the  soil  during  the  past  centuries. 
The  decay  of  this  old  humus  can  be  hastened  both  by  tillage,  which  maintains 
a porous  condition  and  thus  permits  the  oxygen  of  the  air  to  enter  the  soil  more 
freely  and  to  effect  the  more  rapid  oxidation  of  the  organic  matter,  and  also  by 
incorporating  with  the  old,  resistant  residues  some  fresh  organic  matter,  such 
as  farm  manure,  clover  roots,  etc.,  which  decay  rapidly  and  thus  furnish  or  lib- 
erate organic  matter  and  inorganic  food  for  bacteria,  the  bacteria,  under  such 
favorable  conditions,  appearing  to  have  power  to  attack  and  decompose  the  old 
humus.  It  is  probably  for  this  reason  that  peat,  a very  inactive  and  inefficient 
fertilizer  when  used  by  itself,  becomes  much  more  effective  when  composted  withi 
fresh  farm  manure ; so  that  two  tons  of  the  compost1  may  be  worth  as  much  as 
two  tons  of  manure,  but  if  applied  separately,  the  peat  has  little  value.  Bac- 
terial action  is  also  promoted  by  the  presence  of  limestone. 

The  condition  of  the  organic  matter  of  the  soil  is  indicated  more  or  less 
definitely  by  the  ratio  of  carbon  to  nitrogen.  As  an  average,  the  fresh  organic 

*111  his  book,  “Fertilizers,”  published  in  1839,  Cuthbert  W.  Johnson  reported  such  com- 
post to  have  been  much  used  in  England  and  to  be  valued  as  highly,  ‘ ‘ weight  for  weight,  as 
farm-yard  dung.” 
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matter  incorporated  with  soils  contains  about  twenty  times  as  much  carbon  as 
nitrogen,  but  the  carbohydrates  ferment  and  decompose  much  more  rapidly  than 
the  nitrogenous  matter ; and  the  old  resistant  organic  residues,  such  as  are  found 
in  normal  subsoils,  commonly  contain  only  five  or  six  times  as  much  carbon  as 
nitrogen.  Soils  of  normal  physical  composition,  such  as  loam,  clay  loam,  silt 
loam,  and  fine  sandy  loam,  when  in  good  productive  condition,  contain  about 
twelve  to  fourteen  times  as  much  carbon  as  nitrogen  in  the  surface  soil;  while 
in  old,  worn  soils  that  are  greatly  in  need  of  fresh,  active,  organic  manures,  the 
ratio  is  narrower,  sometimes  falling  below  ten  of  carbon  to  one  of  nitrogen. 
Soils  of  cut-over  or  burnt-over  timber  lands  sometimes  contain  so  much  partially 
decayed  wood  or  charcoal  as  to  destroy  the  value  of  the  nitrogen-carbon  ratio 
for  the  purpose  indicated.  (Except  in  newly  made  alluvial  soils,  the  ratio  is 
usually  narrower  in  the  subsurface  and  subsoil  than  in  the  surface  stratum.) 

It  should  be  kept  in  mind  that  crops  are  not  made  out  of  nothing.  They 
are  composed  of  ten  different  elements  of  plant  food,  every  one  of  which  is 
absolutely  essential  for  the  growth  and  formation  of  every  agricultural  plant. 
Of  these  ten  elements  of  plant  food,  only  two  (carbon  and  oxygen)  are  secured 
from  the  air  by  all  agricultural  plants,  only  one  (hydrogen)  from  water,  and 
seven  from  the  soil.  Nitrogen,  one  of  these  seven  elements  secured  from  the 
soil  by  all  plants,  may  also  be  secured  from  the  air  by  one  class  of  plants 
(legumes),  in  case  the  amount  liberated  from  the  soil  is  insufficient;  but  even 
these  plants  (which  include  only  the  clovers,  peas,  beans,  and  vetches,  among 
our  common  agricultural  plants)  secure  from  the  soil  alone  six  elements  (phos- 
phorus, potassium,  magnesium,  calcium,  iron,  and  sulfur),  and  also  utilize  the 
soil  nitrogen  so  far  as  it  becomes  soluble  and  available  during  their  period  of 
growth. 

Plants  are  made  of  plant-food  elements  in  just  the  same  sense  that  a build- 
ing is  made  of  wood  and  iron,  brick,  stone,  and  mortar.  Without  materials, 
nothing  material  can  be  made.  The  normal  temperature,  sunshine,  rainfall,  and 
length  of  season  in  central  Illinois  are  sufficient  to  produce  50  bushels  of  wheat 
per  acre,  100  bushels  of  corn,  100  bushels  of  oats,  and  4 tons  of  clover  hay ; and, 
where  the  land  is  properly  drained  and  properly  tilled,  such  crops  would  fre- 
quently be  secured  if  the  plant  foods  were  present  in  sufficient  amounts  and 
liberated  at  a sufficiently  rapid  rate  to  meet  the  absolute  needs  of  the  crops . 

Crop  Requirements 

The  accompanying  table  shows  the  requirements  of  wheat,  corn,  oats,  and 
clover  for  the  five  most  important  plant-food  elements  which  the  soil  must  fur- 
nish. (Iron  and  sulfur  are  supplied  normally  in  sufficient  abundance  compared 
with  the  amounts  needed  by  plants,  so  that  they  are  never  known  to  limit  the 
yield  of  general  farm  crops  grown  under  normal  conditions.) 

' To  be  sure,  these  are  large  yields,  but  shall  we  try  to  make  possible  the 
production  of  yields  only  half  or  a quarter  as  large  as  these,  or  shall  we  set  as 
our  ideal  this  higher  mark,  and  then  approach  it  as  nearly  as  possible  with 
profit?  Among  the  four  crops,  corn  is  the  largest,  with  a total  yield  of  more 
than  six  tons  per  acre;  and  yet  the  100-bushel  crop  of  corn  is  often  produced 
on  rich  pieces  of  land  in  good  seasons.  In  very  practical  and  profitable  systems 
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Table  A. — Plant  Food  in  Wheat,  Corn,  Oats,  and  Clover 


Produce 

Nitro- 

Phos- 

Potas- 

Magne- 

Cal- 

Kind 

Amount 

gen 

1 phorus 

sium 

sium 

cium 

lbs. 

lbs. 

lbs. 

lbs. 

m. 

Wheat,  grain 

50  bu. 

71 

12 

13 

4 

1 

Wheat  straw 

2 y2  tons 

25 

4 

45 

4 

10 

Corn,  grain 

100  bu. 

100 

17 

19 

7 

1 

Corn  stover 

3 tons 

48 

6 

52 

10 

21 

Corn  cobs 

y2  ton 

2 

2 

Oats,  grain 

100  bu. 

66 

11 

16 

4 

2 

Oat  straw 

2 y2  tons 

31 

5 

52 

7 

15 

Clover  seed 

4 bu. 

7 

2 

3 

1 

1 

Clover  hav 

4 tons 

160 

20 

120 

31 

117 

Total  in  grain  and  seed 

2441 

42 

51 

16 

4 

Total  in  four  crops.. 

5101 

77 

322 

68 

168 

^hese  amounts  include  the  nitrogen  contained  in  the  clover  seed  or  hay,  which,  how- 
ever, may  be  secured  from  the  air. 


of  farming,  the  Illinois  Experiment  Station  has  produced,  as  an  average  of  the 
six  years  1905  to  1910,  a yield  of  87  bushels  of  corn  per  acre  in  grain  farming 
(with  limestone  and  phosphorus  applied,  and  with  crop  residues  and  legume 
crops  turned  under),  and  90  bushels  per  acre  in  live-stock  farming  (with  lime- 
stone, phosphorus,  and  manure). 

The  importance  of  maintaining  a rich  surface  soil  cannot  be  too  strongly 
emphasized.  This  is  well  illustrated  by  data  from  the  Rothamsted  Experiment 
Station,  the  oldest  in  the  world.  On  Broadbalk  field,  where  wheat  has  been 
grown  since  1844,  the  average  yields  for  the  ten  years  1892  to  1901  were  12.3 
bushels  per  acre  on  Plot  3 (unfertilized)  and  31.8  bushels  on  Plot  7 (well  ferti- 
lized), but  the  amounts  of  both  nitrogen  and  phosphorus  in  the  subsoil  (9  to  27 
inches)  were  distinctly  greater  in  Plot  3 than  in  Plot  7,  thus  showing  that  the 
higher  yields  from  Plot  7 were  due  to  the  fact  that  the  plowed  soil  had  been 
enriched.  In  1893  Plot  7 contained  per  acre  in  the  surface  soil  (0  to  9 inches) 
about  600  pounds  more  nitrogen  and  900  pounds  more  phosphorus  than  Plot  3. 
Even  a rich  subsoil  has  little  value  if  it  lies  beneath  a worn-out  surface. 

Methods  of  Liberating  Plant  Food 

Limestone  and  decaying  organic  matter  are  the  principal  materials  which 
the  farmer  can  utilize  most  profitably  to  bring  about  the  liberation  of  plant 
food.  The  limestone  corrects  the  acidity  of  the  soil  and  thus  encourages  the 
development  not  only  of  the  nitrogen-gathering  bacteria  which  live  in  the  nodules 
on  the  roots  of  clover,  cowpeas,  and  other  legumes,  but  also  the  nitrifying 
bacteria,  which  have  power  to  transform  the  insoluble  and  unavailable  organic 
nitrogen  into  soluble  and  available  nitrate  nitrogen.  At  the  same  time,  the 
products  of  this  decomposition  have  power  to  dissolve  the  minerals  contained 
in  the  soil,  such  as  potassium  and  magnesium,  and  also  to  dissolve  the  insoluble 
phosphate  and  limestone  which  may  be  applied  in  low-priced  forms. 

Tillage,  or  cultivation,  also  hastens  the  liberation  of  plant  food  by  permit- 
ting the  air  to  enter  the  soil  and  burn  out  the  organic  matter;  but  it  should 
never  be  forgotten  that  tillage  is  wholly  destructive,  that  it  adds  nothing  what- 
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ever  to  the  soil,  but  always  leaves  it  poorer.  Tillage  should  be  practiced  so 
far  as  is  necessary  to  prepare  a suitable  seed  bed  for  root  development  and 
also  for  the  purpose  of  killing  weeds,  but  more  than  this  is  unnecessary  and 
unprofitable  in  seasons  of  normal  rainfall ; and  it  is  much  better  actually  to 
enrich  the  soil  by  proper  applications  or  additions,  including  limestone  and 
organic  matter  (both  of  which  have  power  to  improve  the  physical  condition 
as  well  as  to  liberate  plant  food)  than  merely  to  hasten  soil  depletion  by  means 
of  excessive  cultivation. 


Permanent  Soil  Improvement 

The  best  and  most  profitable  methods  for  the  permanent  improvement  of 
the  common  soils  of  Illinois  are  as  follows: 

(1)  If  the  soil  is  acid,  apply  at  least  two  tons  per  acre  of  ground  lime- 
stone, preferably  at  times  magnesian  limestone  (CaC03MgC03),  which  con- 
tains both  calcium  and  magnesium  and  has  slightly  greater  power  to  correct 
soil  acidity,  ton  for  ton,  than  the  ordinary  calcium  limestone  (CaC03)*;  and 
continue  to  apply  about  two  tons  per  acre  of  ground  limestone  every  four  or 
five  years.  On  strongly  acid  soils,  or  on  land  being  prepared  for  alfalfa,  five 
tons  per  acre  of  ground  limestone  may  well  be  used  for  the  first  application. 

(2)  Adopt  a good  rotation  of  crops,  including  a liberal  use  of  legumes,  and 
increase  the  organic  matter  of  the  soil  either  by  plowing  under  the  legume  crops 
and  other  crop  residues  (straw  and  corn  stalks),  or  by  using  for  feed  and  bed- 
ding practically  all  the  crops  raised  and  returning  the  manure  to  the  land  with 
the  least  possible  loss.  No  one  can  say  in  advance  what  will  prove  to  be  the 
best  rotation  of  crops,  because  of  variation  in  farms  and  farmers,  and  in  prices 
for  produce,  but  the  following  are  suggested  to  serve  as  models  or  outlines: 

First  year,  corn. 

Second  year,  corn. 

Third  year,  wheat  or  oats  (with  clover  or  clover  and  grass). 

Fourth  year,  clover  or  clover  and  grass. 

Fifth  year,  wheat  and  clover  or  grass  and  clover. 

Sixth  year,  clover  or  clover  and  grass. 

Of  course  there  should  be  as  many  fields  as  there  are  years  in  the  rotation. 
In  grain  farming,  with  small  grain  grown  the  third  and  fifth  years,  most  of  the 
coarse  products  should  be  returned  to  the  soil,  and  the  clover  may  be  clipped 
and  left  on  the  land  (only  the  clover  seed  being  sold  the  fourth  and  sixth  years)  ; 
or,  in  live-stock  farming,  the  field  may  be  used  three  years  for  timothy  and 
clover  pasture  and  meadow  if  desired.  The  system  may  be  reduced  to  a five- 
year  rotation  by  cutting  out  either  the  second  or  the  sixth  year,  and  to  a four- 
year  system  by  omitting  the  fifth  and  sixth  years. 

With  two  years  of  corn,  followed  by  oats  with  clover-seeding  the  third  year, 
and  by  clover  the  fourth  year,  all  produce  can  be  used  for  feed  and  bedding  if 
other  land  is  available  for  permanent  pasture.  Alfalfa  may  be  grown  on  a fifth 
field  for  four  or  eight  years,  which  is  to  be  alternated  with  one  of  the  four;  or 
the  alfalfa  may  be  moved  every  five  years,  and  thus  rotated  over  all  five  fields 
every  twenty-five  years. 

Other  four-year  rotations  more  suitable  for  grain  farming  are : 

Wheat  (and  clover),  corn,  oats,  and  clover;  or  corn  (and  clover),  cowpeas,  wheat,  and 
clover.  (Alfalfa  may  be  grown  on  a fifth  field  and  rotated  every  five  years,  the 
hay  being  sold.) 
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Good  three-year  rotations  are: 

Corn,  oats,  and  clover;  corn,  wheat,  and  clover;  or  wheat  (and  clover),  corn  (and 
clover),  and  cowpeas,  in  which  two  cover  crops  and  one  regular  crop  of  legumes 
are  grown  in  three  years. 

A five-year  rotation  of  (1)  corn  (and  clover),  (2)  cowpeas,  (3)  wheat, 
(4)  clover,  and  (5)  wheat  (and  clover)  allows  legumes  to  be  seeded  four  times. 
Alfalfa  may  be  grown  on  a sixth  field  for  five  or  six  years  in  the  combination 
rotation,  alternating  between  two  fields  every  five  years,  or  rotating  over  all  the 
fields  if  moved  every  six  years. 

To  avoid  clover  sickness  it  may  sometimes  be  necessary  to  substitute  sweet 
clover  or  alsike  for  red  clover  in  about  every  third  rotation,  and  at  the  same 
time  to  discontinue  its  use  in  the  cover-crop  mixture.  If  the  corn  crop  is  not 
too  rank,  cowpeas  or  soybeans  may  also  be  used  as  a cover  crop  (seeded  at  the 
last  cultivation)  in  the  southern  part  of  the  state,  and,  if  necessary  to  avoid 
disease,  these  may  well  alternate  in  successive  rotations. 

For  easy  figuring  it  may  well  be  kept  in  mind  that  the  following  amounts 
of  nitrogen  are  required  for  the  produce  named: 

1 bushel  of  oats  (grain  and  straw)  requires  1 pound  of  nitrogen. 

1 bushel  of  corn  (grain  and  stalks)  requires  1^  pounds  of  nitrogen. 

1 bushel  of  wheat  (grain  and  straw)  requires  2 pounds  of  nitrogen. 

1 ton  of  timothy  requires  24  pounds  of  nitrogen. 

1 ton  of  clover  contains  40  pounds  of  nitrogen. 

1 ton  of  cowpeas  contains  43  pounds  of  nitrogen. 

1 ton  of  average  manure  contains  10  pounds  of  nitrogen. 

The  roots  of  clover  contain  about  half  as  much  nitrogen  as  the  tops,  and 
the  roots  of  cowpeas  contain  about  one-tenth  as  much  as  the  tops. 

Soils  of  moderate  productive  power  will  furnish  as  much  nitrogen  to  clover 
(and  two  or  three  times  as  much  to  cowpeas)  as  will  be  left  in  the  roots  and 
stubble.  In  grain  crops,  such  as  wheat,  corn,  and  oats,  about  two-thirds  of  the 
nitrogen  is  contained  in  the  grain  and  one-third  in  the  straw  or  stalks.  (See 
also  discussion  of  “The  Potassium  Problem/ ’ on  pages  following.) 

(3)  On  all  lands  deficient  in  phosphorus  (except  on  those  susceptible  to 
serious  erosion  by  surface  washing  or  gullying)  apply  that  element  in  consid- 
erably larger  amounts  than  are  required  to  meet  the  actual  needs  of  the  crops 
desired  to  be  produced.  The  abundant  information  thus  far  secured  shows  posi- 
tively that  fine-ground  natural  rock  phosphate  can  be  used  successfully  and  very 
profitably,  and  clearly  indicates  that  this  material  will  be  the  most  economical 
form  of  phosphorus  to  use  in  all  ordinary  systems  of  permanent,  profitable  soil 
improvement.  The  first  application  may  well  be  one  ton  per  acre,  and  subse- 
quently about  one-half  ton  per  acre  every  four  or  five  years  should  be  applied, 
at  least  until  the  phosphorus  content  of  the  plowed  soil  reaches  2,000  pounds  per 
acre,  which  may  require  a total  application  of  from  three  to  five  or  six  tons  per 
acre  of  raw  phosphate  containing  121/2  percent  of  the  element  phosphorus. 

Steamed  bone  meal  and  even  acid  phosphate  may  be  used  in  emergencies, 
but  it  should  always  be  kept  in  mind  that  phosphorus  delivered  in  Illinois  costs 
about  3 cents  a pound  in  raw  phosphate  (direct  from  the  mine  in  carload  lots), 
but  10  cents  a pound  in  steamed  bone  meal,  and  about  12  cents  a pound  in  acid 
phosphate,  both  of  which  cost  too  much  per  ton  to  permit  their  common  purchase 
by  farmers  in  carload  lots,  which  is  not  the  case  with  limestone  or  raw  phos- 
phate- 
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Phosphorus  once  applied  to  the  soil  remains  in  it  until  removed  in  crops, 
unless  carried  away  mechanically  by  soil  erosion.  (The  loss  by  leaching  is  only 
about  1%  pounds  per  acre  per  annum,  so  that  more  than  150  years  would  be 
required  to  leach  away  the  phosphorus  applied  in  one  ton  of  raw  phosphate.) 

The  phosphate  and  limestone  may  be  applied  at  any  time  during  the  rota- 
tion, but  a good  method  is  to  apply  the  limestone  after  plowing  and  work  it  into 
the  surface  soil  in  preparing  the  seed  bed  for  wheat,  oats,  rye,  or  barley,  where 
clover  is  to  be  seeded ; while  phosphate  is  best  plowed  under  with  farm  manure, 
clover,  or  other  green  manures,  which  serve  to  liberate  the  phosphorus. 

(4)  Until  the  supply  of  decaying  organic  matter  has  been  made  adequate, 
on  the  poorer  types  of  upland  timber  and  gray  prairie  soils  some  temporary 
benefit  may  be  derived  from  the  use  of  a soluble  salt  or  a mixture  of  salts,  such 
as  kainit,  which  contains  both  potassium  and  magnesium  in  soluble  form  and 
also  some  common  salt  (sodium  chlorid).  About  600  pounds  per  acre  of  kainit 
applied  and  turned  under  with  the  raw  phosphate  will  help  to  dissolve  the  phos- 
phorus as  well  as  to  furnish  available  potassium  and  magnesium,  and  for  a few 
years  such  use  of  kainit  may  be  profitable  on  lands  deficient  in  organic  matter, 
but  the  evidence  thus  far  secured  indicates  that  its  use  is  not  absolutely  necessary 
and  that  it  will  not  be  profitable  after  adequate  provision  is  made  for  supplying 
decaying  organic  matter,  since  this  will  ‘ necessitate  returning  to  the  soil  the 
potassium  contained  in  the  crop  residues  from  grain  farming  or  the  manure 
produced  in  live-stock  farming,  and  will  also  provide  for  the  liberating  of  potas- 
sium from  the  soil.  (Where  hay  or  straw  is  sold,  manure  should  be  bought.) 

On  soils  which  are  subject  to  surface  washing,  including  especially  the 
yellow  silt  loam  of  the  upland  timber  area,  and  to  some  extent  the  yellow-gray 
silt  loam  and  other  more  rolling  areas,  the  supply  of  minerals  in  the  subsurface 
and  subsoil  (which  gradually  renew  the  surface  soil)  tends  to  provide  for  a 
low-grade  system  of  permanent  agriculture  if  some  use  is  made  of  legume  plants, 
as  in  long  rotations  with  much  pasture,  because  both  the  minerals  and  nitrogen 
are  thus  provided  in  some  amount  almost  permanently;  but  where  such  lands 
are  farmed  under  such  a system,  not  more  than  two  or  three  grain  crops  should 
be  grown  during  a period  of  ten  or  twelve  years,  the  land  being  kept  in  pasture 
most  of  the  time;  and  where  the  soil  is  acid  a liberal  use  of  limestone,  as  top- 
dressings  if  necessary,  and  occasional  reseeding  with  clovers  will  benefit  both  the 
pasture  and  indirectly  the  grain  crops. 

Advantage  of  Crop  Rotation  and  Permanent  Systems 

It  should  be  noted  that  clover  is  not  likely  to  be  well  infected  with  the 
clover  bacteria  during  the  first  rotation  on  a given  farm  or  field  where  it  has 
not  been  grown  before  within  recent  years;  but  even  a partial  stand  of  clover 
the  first  time  will  probably  provide  a thousand  times  as  many  bacteria  for  the 
next  clover  crop  as  one  could  afford  to  apply  in  artificial  inoculation,  for  a single 
root-tubercle  may  contain  a million  bacteria  developed  from  one  during  the  sea- 
son’s growth. 

This  is  only  one  of  several  advantages  of  the  second  course  of  the  rotation 
over  the  first  course.  Thus  the  mere  practice  of  crop  rotation  is  an  advantage, 
especially  in  helping  to  rid  the  land  of  insects  and  foul  grass  and  weeds.  The 
clover  crop  is  an  advantage  to  subsequent  crops  because  of  its  deep-rooting  char- 


44 


Soil  Keport  No.  11 


[June, 


acteristic.  The  larger  applications  of  organic  manures  (made  possible  by  the 
larger  crops)  are  a great  advantage ; and  in  systems  of  permanent  soil  improve- 
ment, such  as  are  here  advised  and  illustrated,  more  limestone  and  more  phos- 
phorus are  provided  than  are  needed  for  the  meager  or  moderate  crops  pro- 
duced during  the  first  rotation,  and  consequently  the  crops  in  the  second  rota- 
tion have  the  advantage  of  such  accumulated  residues  (well  incorporated  with 
the  plowed  soil)  in  addition  to  the  regular  applications  made  during  the  second 
rotation. 

This  means  that  these  systems  tend  positively  toward  the  making  of  richer 
lands.  The  ultimate  analyses  recorded  in  the  tables  give  the  absolute  invoice 
of  these  Illinois  soils.  They  show  that  most  of  them  are  positively  deficient  only 
in  limestone,  phosphorus,  and  nitrogenous  organic  matter ; and  the  accumulated 
information  from  careful  and  long-continued  investigations  in  different  parts  of 
the  United  States  clearly  establishes  the  fact  that  in  general  farming  these  essen- 
tials can  be  supplied  with  greatest  economy  and  profit  by  the  use  of  ground  nat- 
ural limestone,  very  finely  ground  natural  rock  phosphate,  and  legume  crops  to 
be  plowed  under  directly  or  in  farm  manure.  On  normal  soils  no  other  applica- 
tions are  absolutely  necessary,  but,  as  already  explained,  the  addition  of  some 
soluble  salt  in  the  beginning  of  a system  of  improvement  on  some  of  these  soils 
produces  temporary  benefit,  and  if  some  inexpensive  salt,  such  as  kainit,  is  used, 
it  may  produce  sufficient  increase  to  more  than  pay  the  added  cost. 

The  Potassium  Problem 

As  reported  in  Illinois  Bulletin  123,  where  wheat  has  been  grown  every  year 
for  more  than  half  a century  at  Rothamsted,  England,  exactly  the  same  increase 
was  produced  (5.6  bushels  per  acre),  as  an  average  of  the  first  24  years,  whether 
potassium,  magnesium,  or  sodium  was  applied,  the  rate  of  application  per  annum 
being  200  pounds  of  potassium  sulfate  and  molecular  equivalents  of  magnesium 
sulfate  and  sodium  sulfate.  As  an  average  of  60  years  (1852  to  1911),  the  yield 
of  wheat  was  12.7  bushels  on  untreated  land  and  23.3  bushels  where  86  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  per  acre  per  annum  were  applied. 
As  further  additions,  85  pounds  of  potassium  raised  the  yield  to  31.3  bushels; 
52  pounds  of  magnesium  raised  it  to  29.2  bushels;  and  50  pounds  of  sodium  raised 
it  to  29.5  bushels.  Where  potassium  was  applied,  the  wheat  crop  removed  an- 
nually an  average  of  40  pounds  of  that  element  in  the  grain  and  straw,  or  three 
times  as  much  as  would  be  removed  in  the  grain  only  for  such  crops  as  are 
suggested  in  Table  A.  The  Rothamsted  soil  contained  an  abundance  of  lime- 
stone, but  no  organic  matter  was  provided  except  the  little  in  the  stubble  and 
roots  of  the  wheat  plants. 

On  another  field  at  Rothamsted  the  average  yield  of  barley  for  60  years 
(1852  to  1911)  was  14.2  bushels  on  untreated  land,  38.1  bushels  where  43  pounds 
of  nitrogen  and  29  pounds  of  phosphorus  were  applied  per  acre  per  annum; 
while  the  further  addition  of  85  pounds  of  potassium,  19  pounds  of  magnesium, 
and  14  pounds  of  sodium  (all  in  sulfates)  raised  the  average  yield  to  41.5 
bushels.  Where  only  70  pounds  of  sodium  were  applied  in  addition  to  the 
nitrogen  and  phosphorus,  the  average  was  43.0  bushels.  Thus,  as  an  average 
of  60  years,  the  use  of  sodium  produced  1.8  bushels  less  wheat  and  1.5  bushels 
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more  barley  than  the  use  of  potassium,  with  both  grain  and  straw  removed  and 
no  organic  manures  returned. 

In  recent  years  the  effect  of  potassium  is  becoming  much  more  marked  than 
that  of  sodium  or  magnesium,  on  the  wheat  crop ; but  this  must  be  expected  to 
occur  in  time  where  no  potassium  is  returned  in  straw  or  manure,  and  no  pro- 
vision made  for  liberating  potassium  from  the  supply  still  remaining  in  the  soil. 
If  the  wheat  straw,  which  contains  more  than  three-fourths  of  the  potassium 
removed  in  the  wheat  crop  (see  Table  A),  were  returned  to  the  soil,  the  neces- 
sity of  purchasing  potassium  in  a good  system  of  farming  on  such  land  would 
be  at  least  very  remote,  for  the  supply  would  be  adequately  maintained  by 
the  actual  amount  returned  in  the  straw,  together  with  the  additional  amount 
which  would  be  liberated  from  the  soil  by  the  action  of  decomposition  products. 

While  about  half  the  potassium,  nitrogen,  and  organic  matter,  and  about 
one-fourth  the  phosphorus  contained  in  manure  is  lost  by  three  or  four  months  ’ 
exposure  in  the  ordinary  pile  in  the  barn  yard,  there  is  practically  no  loss 
if  plenty  of  absorbent  bedding  is  used  on  cement  floors,  and  if  the  manure  is 
hauled  to  the  field  and  spread  within  a day  or  two  after  it  is  produced.  Again, 
while  in  average  live-stock  farming  the  animals  destroy  two-thirds  of  the  or- 
ganic matter  and  retain  one-fourth  of  the  nitrogen  and  phosphorus  from  the 
food  they  consume,  they  retain  less  than  one-tenth  of  the  potassium ; so  that  the 
actual  loss  of  potassium  in  the  products  sold  from  the  farm,  either  in  grain 
farming  or  in  live-stock  farming,  is  wholly  negligible  on  land  containing  25,000 
pounds  or  more  of  potassium  in  the  surface  6%  inches. 

The  removal  of  one  inch  of  soil  per  century  by  surface  washing  (which  is 
likely  to  occur  wherever  there  is  satisfactory  surface  drainage  and  frequent  cul- 
tivation) will  permanently  maintain  the  potassium  in  grain  farming  by  re- 
newal from  the  subsoil,  provided  one-third  of  the  potassium  is  removed  by  crop- 
ping before  the  soil  is  carried  away. 

From  all  these  facts  it  will  be  seen  that  the  potassium  problem  is  not  one 
of  addition  but  of  liberation;  and  the  Rothamsted  records  show  that  for  many 
years  other  soluble  salts  have  practically  the  same  power  as  potassium  to  increase 
crop  yields  in  the  absence  of  sufficient  decaying  organic  matter.  Whether  this 
action  relates  to  supplying  or  liberating  potassium  for  its  own  sake,  or  to  the 
power  of  the  soluble  salt  to  increase  the  availability  of  phosphorus  or  other  ele- 
ments, is  not  known,  but  where  much  potassium  is  removed,  as  in  the  entire  crops 
at  Rothamsted,  with  no  return  of  organic  residues,  probably  the  soluble  salt 
functions  in  both  ways. 

As  an  average  of  112  separate  tests  conducted  in  1907,  1908,  1909,  and  1910 
on  the  Fairfield  experiment  field,  an  application  of  200  pounds  of  potassium 
sulfate,  containing  85  pounds  of  potassium  and  costing  $5.10,  increased  the  yield 
of  corn  by  9.3  bushels  per  acre ; while  600  pounds  of  kainit,  containing  only  60 
pounds  of  potassium  and  costing  $4,  gave  an  increase  of  10.7  bushels.  Thus,  at 
40  cents  a bushel  for  corn,  the  kainit  paid  for  itself ; but  these  results,  like  those 
at  Rothamsted,  were  secured  where  no  adequate  provision  had  been  made  for 
decaying  organic  matter. 

Additional  experiments  at  Fairfield  included  an  equally  complete  test  with 
potassium  sulfate  and  kainit  on  land  to  which  8 tons  per  acre  of  farm  manure 
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were  applied.  As  an  average  of  112  tests  with  each  material,  the  200  pounds 
of  potassium  sulfate  increased  the  yield  of  corn  by  1.7  bushels,  while  the  600' 
pounds  of  kainit  also  gave  an  increase  of  1.7  bushels.  Thus,  where  organic 
manure  was  supplied,  very  little  effect  was  produced  by  the  addition  of  either 
potassium  sulfate  or  kainit ; in  part  perhaps  because  the  potassium  removed  in 
the  crops  is  mostly  returned  in  the  manure  if  properly  cared  for,  and  perhaps, 
in  larger  part  because  the  decaying  organic  matter  helps  to  liberate  and  hold 
in  solution  other  plant-food  elements,  especially  phosphorus. 

In  laboratory  experiments  at  the  Illinois  Experiment  Station,  it  has  been 
shown  by  chemical  analysis  that  potassium  salts  and  most  other  soluble  salts 
increase  the  solubility  of  the  phosphorus  in  soil  and  in  rock  phosphate;  also 
that  the  addition  of  glucose  with  rock  phosphate  in  pot-culture  experiments 
increases  the  availability  of  the  phosphorus,  as  measured  by  plant  growth,  altho 
the  glucose  consists  only  of  carbon,  hydrogen,  and  oxygen,  and  thus  contains 
no  plant  food  of  value. 

If  we  remember  that,  as  an  average,  live  stock  destroy  two-thirds  of  the  or- 
ganic matter  of  the  food  they  consume,  it  it  easy  to  determine  from  Table  A that 
more  organic  matter  will  be  supplied  in  a proper  grain  system  than  in  a strictly 
li\  c-stock  system ; and  the  evidence  thus  far  secured  from  older  experiments  at 
the  University  and  at  other  places  in  the  state  indicates  that  if  the  corn  stalks, 
straw,  clover,  etc.,  are  incorporated  with  the'soil  as  soon  as  practicable  after  they 
are  produced  (which  can  usually  be  done  in  the  late  fall  or  early  spring),  there 
is  little  or  no  difficulty  in  securing  sufficient  decomposition  in  our  humid  climate 
to  avoid  serious  interference  with  the  capillary  movement  of  the  soil  moisture, 
a common  danger  from  plowing  under  too  much  coarse  manure  of  any  kind  in 
the  late  spring  of  a dry  year. 

If,  however,  the  entire  produce  of  the  land  is  sold  from  the  farm,  as  in  hay 
f aiming  or  when  both  grain  and  straw  are  sold,  of  course  the  draft  on  potas- 
sium will  then  be  so  great  that  in  time  it  must  be  renewed  by  some  sort  of  appli- 
cation. . As  a rule,  farmers  following  this  practice  ought  to  secure  manure  from 
town,  since  they  furnish  the  bulk  of  the  material  out  of  which  manure  is  pro- 
duced. 

Calcium  and  Magnesium 

When  measured  by  the  actual  crop  requirements  for  plant  food,  magnesium 
and  calcium  are  more  limited  in  some  Illinois  soils  than  potassium.  But  with 
these  elements  we  must  also  consider  the  loss  by  leaching.  As  an  average  of  90 
analyses1  of  Illinois  well-waters  drawn  chiefly  from  glacial  sands,  gravels,  or  till, 
3 million  pounds  of  water  (about  the  average  annual  drainage  per  acre  for 
Illinois)  contained  11  pounds  of  potassium,  130  of  magnesium,  and  330  of  cal- 
cium. These  figures  are  very  significant,  and  it  may  be  stated  that  if  the  plowed 
soil  is  well  supplied  with  the  carbonates  of  magnesium  and  calcium,  then  a very 
considerable  proportion  of  these  amounts  will  be  leached  from  that  stratum. 
Thus  the  loss  of  calcium  from  the  plowed  soil  of  an  acre  at  Rothamsted,  England, 
where  the  soil  contains  plenty  of  limestone,  has  averaged  more  than  300  pounds 
a year  as  determined  by  analyzing  the  soil  in  1865  and  again  in  1905.  Prac- 
tically the  same  amount  of  calcium  was  found,  by  analyses,  in  the  Rothamsted 
drainage  waters. 

Reported  by  Doctor  Bartow  and  associates,  ot  the  Illinois  State  Water  Survey. 
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Common  limestone,  which  is  calcium  carbonate  (CaC03),  contains,  when 
pure,  40  percent  of  calcium,  so  that  800  pounds  of  limestone  are  equivalent  to 
320  pounds  of  calcium.  Where  10  tons  per  acre  of  ground  limestone  were 
applied  at  Edgewood,  Illinois,  the  average  annual  loss  during  the  next  ten  years 
amounted  to  790  pounds  per  acre.  The  definite  data  from  careful  investigations 
seem  to  be  ample  to  justify  the  conclusion  that  where  limestone  is  needed  at 
least  2 tons  per  acre  should  be  applied  every  4 or  5 years. 

It  is  of  interest  to  note  that  thirty  crops  of  clover  of  four  tons  each  would 
require  3,510  pounds  of  calcium,  while  the  most  common  prairie  land  of  southern 
Illinois  contains  only  3,420  pounds  of  total  calcium  in  the  plowed  soil  of  an 
acre.  (See  Soil  Report  No.  1.)  Thus  limestone  has  a positive  value  on  some 
soils  for  the  plant  food  which  it  supplies,  in  addition  to  its  value  in  correcting 
soil  acidity  and  in  improving  the  physical  condition  of  the  soil.  Ordinary  lime- 
stone (abundant  in  the  southern  and  western  parts  of  the  state)  contains  nearly 
800  pounds  of  calcium  per  ton;  while  a good  grade  of  dolomitic  limestone  (the 
more  common  limestone  of  northern  Illinois)  contains  about  400  pounds  of  cal- 
cium and  300  pounds  of  magnesium  per  ton.  Both  of  these  elements  are  fur- 
nished in  readily  available  form  in  ground  dolomite  limestone. 

Physical  Improvement  of  Soils 

In  the  management  of  most  soil  types,  one  very  important  thing,  aside  from 
proper  fertilization,  tillage,  and  drainage,  is  to  keep  the  soil  in  good  physical 
condition,  or  good  tilth.  The  constituent  most  important  for  this  purpose  is 
organic  matter.  Not  only  does  it  impart  good  tilth  to  the  soil,  but  it  prevents 
much  loss  by  washing  on  rolling  land,  warms  the  soil  by  absorption  of  heat,  re- 
tains moisture  during  drouth  and  prevents  the  soil  from  running  together  badly ; 
and,  as  it  decays,  it  furnishes  nitrogen  for  the  crop  and  aids  in  the  liberation  of 
mineral  plant  food.  This  constituent  must  be  supplied  to  the  soil  in  every  prac- 
tical way,  so  that  the  amount  may  be  maintained  or  even  increased.  It  is  being 
broken  down  during  a large  part  of  the  year,  and  the  nitrates  produced  are  used 
for  plant  growth.  This  decomposition  is  necessary,  but  it  is  also  quite  necessary 
that  the  supply  be  maintained. 

The  physical  effect  of  organic  matter  in  the  soil  is  to  produce  a granulation, 
or  mellowness,  very  favorable  for  tillage  and  the  development  of  plant  roots.  If 
continuous  cropping  takes  place,  accompanied  with  the  removal  or  the  destruc- 
tion of  the  corn  stalks  and  straw,  the  amount  of  organic  matter  is  gradually 
diminished  and  a condition  of  poor  tilth  will  ultimately  follow.  In  many  cases 
this  already  limits  the  crop  yields.  The  remedy  is  to  increase  the  organic-matter 
content  by  plowing  under  manure  or  crop  residues,  such  as  corn  stalks,  straw, 
and  clover.  Selling  these  products  from  the  farm,  burning  them,  or  feeding 
them  and  not  returning  the  manure,  or  allowing  a very  large  part  of  the  manure 
to  be  lost  before  it  is  returned  to  the  land,  all  represent  bad  practice. 

One  of  the  chief  sources  of  loss  of  organic  matter  in  the  corn  belt  is  the 
practice  of  burning  the  corn  stalks.  Could  the  farmers  be  made  to  realize  how 
great  a loss  this  entails,  they  would  certainly  discontinue  the  practice.  Probably 
no  form  of  organic  matter  acts  more  beneficially  in  producing  good  tilth  than 
corn  stalks.  It  is  true  that  they  decay  rather  slowly,  but  it  is  also  true  that  their 
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durability  in  the  soil  after  partial  decomposition  is  exactly  what  is  needed  in 
the  maintenance  of  an  adequate  supply  of  humus. 

The  nitrogen  in  a ton  of  corn  stalks  is  iy2  times  that  in  a ton  of  manure,  and 
a ton  of  dry  corn  stalks  incorporated  with  the  soil  will  ultimately  furnish  as 
much  humus  as  4 tons  of  average  farm  manure;  but  when  burned,  both  the 
humus-making  material  and  the  nitrogen  which  these  stalks  contain  are  de- 
stroyed and  lost  to  the  soil. 

The  objection  is  often  raised  that  when  stalks  are  plowed  under  they  inter- 
fere very  seriously  in  the  cultivation  of  corn,  and  thus  indirectly  destroy  a great 
deal  of  corn.  If  corn  stalks  are  well  cut  up  and  then  turned  under  to  a depth 
of  51/2  to  6 inches  when  the  ground  is  plowed  in  the  spring,  very  little  trouble 
will  result. 

Where  corn  follows  corn,  the  stalks,  if  not  needed  for  feeding  purposes, 
should  be  thoroly  cut  up  with  a sharp  disk  or  stalk  cutter  and  turned  under. 
Likewise,  the  straw  should  be  returned  to  the  land  in  some  practical  way,  either 
directly  or  as  manure.  Clover  should  be  one  of  the  crops  grown  in  the  rotation, 
and  it  should  be  plowed  under  directly  of  as  manure  instead  of  being  sold  as  hay, 
except  when  manure  can  be  brought  back. 

It  must  be  remembered,  however,  that  in  the  feeding  of  hay,  or  straw,  or 
corn  stalks,  a great  destruction  of  organic  matter  takes  place,  so  that  even  if  the 
fresh  manure  were  returned  to  the  soil,  there  would  still  be  a loss  of  50  to  70 
percent  owing  to  the  destruction  of  organic  matter  by  the  animal.  If  manure  is 
allowed  to  lie  in  the  farmyard  for  a few  weeks  or  months,  there  is  an  additional 
loss  which  amounts  to  from  one-third  to  two-thirds  of  the  manure  recovered 
from  the  animal.  This  is  well  shown  by  the  results  of  an  experiment  conducted 
by  the  Maryland  Experiment  Station,  where  80  tons  of  manure  were  allowed  to 
lie  for  a year  in  the  farmyard  and  at  the  end  of  that  time  but  27  tons  remained, 
entailing  a loss  of  about  66  percent  of  the  manure.  Most  of  this  loss  occurs 
within  the  first  three  or  four  months,  when  fermentation,  or  ‘ ‘ heating,  ’ ’ is  most 
active.  Two  tons  of  manure  were  exposed  from  April  29  to  August  29,  by  the 
Canadian  Experiment  Station  at  Ottawa.  During  these  four  months  the  organic 
matter  was  reduced  from  1,938  pounds  to  655  pounds.  To  obtain  the  greatest 
value  from  the  manure,  it  should  be  applied  to  the  soil  as  soon  as  possible  after 
it  is  produced. 

It  is  a common  practice  in  the  corn  belt  to  pasture  the  corn  stalks  during 
the  winter  and  often  rather  late  in  the  spring  after  the  frost  is  out  of  the 
ground.  This  tramping  of  stock  sometimes  puts  the  soil  in  bad  condition  for 
working.  It  becomes  partially  puddled  and  will  be  cloddy  as  a result.  If 
tramped  too  late  in  the  spring,  the  natural  agencies  of  freezing  and  thawing, 
and  wetting  and  drying,  with  the  aid  of  ordinary  tillage,  fail  to  produce  good 
tilth  before  the  crop  is  to  be  planted.  Whether  the  crop  is  corn  or  oats,  it  neces- 
sarily suffers,  and  if  the  season  is  dry,  much  damage  may  result.  If  the  field  is 
put  in  corn,  a poor  stand  is  likely  to  follow,  and  if  put  in  oats,  a compact  soil  is 
formed  which  is  unfavorable  for  their  growth.  Sometimes  the  soil  is  worked 
when  too  wet.  This  also  produces  a partial  puddling  which  is  unfavorable  to 
physical,  chemical,  and  biological  processes.  The  bad  effect  will  be  greater  if 
cropping  has  reduced  the  organic  matter  below  the  amount  necessary  to  maintain 
good  tilth. 
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Circulars 


Soil  Reports 


1 Clay  County  Soils,  1911. 


6 

7 

8 
9 

10 


McDonough  County  Soils,  1913. 


Knox  County  Soils,  1913. 


2 Moultrie  County  Soils,  1911. 

3 Hardin  County  Soils,  1912. 

4 Sangamon  County  Soils,  1912. 

5 La  Salle  County  Soils,  1913. 


County  Soils,  1915. 


Bond  County  Soils,  1913. 
Lake  County  Soils,  1915. 


McLean  County  Soils,  1915. 


11  Pike 


*Out  of  print. 


Thirteen  Years’  Results  with  Phosphorus  on  the  University  of  Illinois  Soil  Experi- 
ment Field  at  Bloomington,  on  the  Typical  Prairie  Land  of  the 
Illinois  Corn  Belt 


Year 

Crop  grown 

Yield 

without 

phosphorus 

Yield 

with 

phosphorus 

Increase 

for 

phosphorus 

Value  of 
increase 
per  acre 

1902 

Corn,  bu 

37.0 

41.7 

4.7 

$ 1.64 

1903 

Corn,  bu 

60.3 

73.0 

12.7 

4.44 

1904 

Oats,  bu 

60.8 

72  J 

11.9 

3.33 

1905 

Wheat,  bu 

28.8 

39.2 

10.4 

7.28 

1906 

Clover,  tons 

.58 

1.65 

1.07 

7.49 

1907 

Corn,  bu 

63.1 

82.1 

19.0 

6.65 

1908 

Corn,  bu 

35.3 

47.5 

12.2 

4.27 

1909 

Oats,  bu 

53.6 

63.8 

10.2 

2.86 

1910 

Clover,  tons 

1.09 

4.21 

3.12 

21.85 

1911 

Wheat,  bu 

22.5 

57.6 

35.1 

24.58 

1912 

Corn,  bu 

47.9 

74.5 

26.6 

9.30 

1913 

Corn,  bu 

30.0 

44.1 

14.1 

4.93 

1914 

Oats,  bu 

40.6 

45.0 

4.4 

1.23 

Total  value  of  increase  in  thirteen  years $99.85 

Total  cost  of  phosphorus  in  thirteen  years 32.50 


Total  value  of  increase  in  thirteen  years $99.85 

Total  cost  of  phosphorus  in  thirteen  years 32.50 

Net  profit  in  thirteen  years $67.35 


After  the  first  year  the  phosphorus  began  to  more  than  pay  its  annual  cost ; 
and  during  the  second  five-year  period  the  increase  produced  by  the  phosphorus 
was  worth  almost  as  much  as  the  total  crops  produced  on  the  land  not  receiving 
phosphorus.  In  later  years  the  need  of  organic  manures  with  phosphorus  has 
become  apparent.  (See  pages  13  to  15  for  more  complete  details.) 
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